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HD64180 
HIGH INTEGRATION CMOS CPU 


Based on a microcoded execution unit and advanced CMOS manufacturing 
technology, the 11D64180 is an 8-bit CPU which provides the benefits of high per- 
formance, reduced system cost and low power operation while maintaining com- 
patibility with the large base of industry standard 8-bit software. 

Performance is improved by virtue of high operating frequency, pipelining, en- 
hanced instruction set and an integrated Memory Management Unit (MMU) with 
512k bytes memory physical address space. 

System cost is reduced by incorporating key system functions on-chip including 
the MMU, two channel Direct Memory Access Controller (DMAC), wait state gen- 
erator, dynamic RAM refresh, two channel Asynchronous Serial Communication 
Interface (ASCI), Clocked Serial I/O Port (CSI/O), two channel 16-bit Programma- 
bie Reload Timer (PRT), Versatile 12 source interrupt controller and a ‘dual’ 
(68X X , 80 X) bus interface. 

Low power consumption during normal CPU operation is supplemented by 
three specific software controlled low power standby modes. 

The 11D64180, when combined with CMOS VLSI memories and peripherals, is 
useful in system: applications requiring high performance, battery power operation 
and standard software compatibility. 
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High Performance, High Integration CPU. 


Operating Frequency to 6 MHz. 

On-Chip MMU Supports 512k Bytes Memory and 64k Bytes I/O Address Space. 
Two Channel DMAC With Memory-Memory, Memory-I/O and Memory- 
Memory Mapped I/O Transfer Capability. 

WAIT* Input and Wait State Generator for Slow Memory and I/O Device Inter- 
face. 

Programmable Dynamic RAM Refresh Addressing and Timing. 

Two Channel, Full Duplex Asynchronous Serial Communication Interface 
(ASCI) with Programmable Baud Rate Generator and Modem Control Hand- 
shake Signals. 

Clocked Serial I/O Port (CSI/O) with High Speed Operation (200k Bits/Second 
at 4 MEIz). 

Two Channel 16-bit Programmable Reload Timer (PRT) for Counting, Timing 
and Output Waveform Generation. 

Versatile Interrupt Controller Manages Four External and Eight Internal Inter- 
rupt Sources. 

‘Dual Bus’ Interface Compatible With All Standard Memory and Peripheral LSI. 
On-chip Clock Generator. 


Enhanced Standard 8-bit Software Architecture. 


Fully Compatible with CP/M-80, CP/M Plus and Existing System and Applica- 
tion Software. 

Twelve new Instructions including Multiply. 

On-chip I/O Address Relocation Register for Board Level Compatibility with 
Existing Systems and Software. 

SLEEP Instruction, IOSTOP Mode and SYSTEM STOP Mode for Low Power 
Operation. 


VLSI CMOS Process Technology. 


Low Power Operation — 50 mW at 4 MHz Operation. 

x * mW SLEEP Mode 

x X mW IOSTOP Mode 

x & mW SYSTEM STOP Mode 
Vcc = 5V + 10% — Fully TTL Compatible. 


(Note) CP/M-80 and CP/M plus are registered trademarks of Digital Research, Inc. 


CAUTION! 


Both X X X X in Figures and X X X X+* in the text show low active signals. 
For example, RESET* shows RESET. 


HITACHI 


1. HD64180 OVERVIEW 


1.1 Block Diagram 


The HD64180 combines a high performance CPU core with many of the sys- 


tems and I/O resources required by a broad range of applications. 
The CPU core consists of five functional blocks. 


O 
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Clock Generator 
Bus State Controller 
Interrupt Controller 


Memory Management Unit (MMU) 
Central Processing Unit (CPU) 
e integrated I/O resources comprise the remaining four functional blocks. 


DMA Controller (DMAC — two channels) 
Asynchronous Serial Communication Interface 


(ASCI — two channels) 


Clocked Serial I/O Port (CSI/O — one channel) 
Programmable Reload Timer (PRT — two channels) 


A18/TOUT 
Vee 


Pin Assignment 
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TXS 
CKAI/TENDO 
RXA I 

TXA1 
CKAO/DREQO 
RXAO 
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Figure 1.1.1 Block Diagram 
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1.2 CPU Architecture 
The five CPU core functional blocks are described in this section. 


Clock Generator 

Generates the system clock (@) from an external crystal or external clock 
input. Also, the system clock is programmably presale to generate timing for the 
on-chip I/O and system support devices. 


Bus State Controller 

Performs all status/control bus activity. This includes external bus cycle wait 
State timing, RESET*, DRAM refresh, and master DMA bus exchange. Generates 
‘dual-bus’ control signals for compatibility with peripheral devices. 


Interrupt Controller 
Monitors and prioritizes the four external and eight internal interrupt sources. A 
variety of interrupt response modes are programmable. 


Memory Management Unit (MMU) 

Maps the CPU 64k bytes logical memory address space into a 512k bytes physi- 
cal memory address space. The MMU organization preserves software object code 
compatibility while providing extended memory access and uses an efficient ‘com- 
mon area — bank area’ scheme. I/O accesses (64k bytes I/O address space) bypass 
the MMU. 


Central Processing Unit (CPU) 

The CPU is microcoded to implement an upward compatible superset of the 8- 
bit standard software instruction set. Many instructions require fewer clock cycles for 
execution and twelve new instructions are added. 


DMA Controller (DMAC) 

The two channel DMAC provides high speed memory <—-> memory, memo- 
ry <—-> I/O and memory <—> memory mapped |/O transfer. The DMAC fea- 
tures edge or level sense request input, address increment/decrement/no-change 
and (for memory <—> memory transfers) programmable burst or cycle steal 
transfer. In addition, the DMAC can directly access the full 512k bytes physical 
memory address space (the MMU is bypassed during DMA) and transfers (up to 
64k bytes in length) can cross 64k bytes boundarys. See Fig. 2.9.1 for further details. 


1.3 I/O Resources 


Asynchronous Serial Communication Interface (ASCI) 

The ASCI provides two separate full duplex UARTs and includes programmable 
baud rate generator, modem control signals, and a multiprocessor communication 
format. The ASCI can use the DMAC for high speed serial data transfer, reducing 
CPU overhead. See Fig. 2.10.1 for further details. 
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Clocked Serial 1/O Port (CS1/O) 

The CSI/O provides a half duplex clocked serial transmitter and receiver. This 
can be used for simple, high speed connection to another microprocessor or micro- 
computer. See Fig. 2.11.1 for further details. 


Programmable Reload Timer (PRT) 

The PRT contains two separate channels each consisting of 16-bit timer data and 
16-bit timer reload registers. The time base is divided by 20 (fixed) from the system 
clock and one PRT channel has an optional output allowing waveform generation. 
See Fig. 2.12.1 for further details. 
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2. HD64180 HARDWARE ARCHITECTURE 


2.1 Signal Description 


XTAL (IN) [2] 
Crystal oscillator connection. Should be left open if an external TTL clock is 
used. It ts noted this input is not a TTL level input. See Table D.C. characteristics. 


EXTAL (IN) [3] 
Crystal oscillator connection. An external TrL clock can be input on this line. 
This input is schmitt triggered. 


d& (OUT) [64] 
System Clock. The frequency is equal to one-half of crystal oscillator. 


RESET+ — CPU Reset (IN) [7] 
When LOW, initializes the 11D64180 CPU. All output signals are held inactive 
during RESET. 


AO-A17 — Address Bus (OUT, 3-STATE) [13-30] 
A18/TOUT [31] 

19-bit address bus provides physical memory addressing of up to 512k bytes. 
The address bus enters the high impedance state during RESET and when another 
device acquires the bus as indicated by BUSREQ* and BUSACK* LOW. A118 is 
multiplexed with the TOUT output from PRT channel 1. During RESET, the ad- 
dress function is selected. The timer output function can be selected under software 
control. 


DO-D7 — Data Bus (IN/OUT, 3-STATE) [34-41] 

Bidirectional 8-bit data bus. The data bus enters the high impedance state during 
RESET and when another device acquires the bus as indicated by BUSREQ* and 
BUSACK* LOW. 


RD* — Read (OUT, 3-STATE) [63] 
Used during a CPU read cycle to enable transfer from the external memory or 
I/O device to the CPU data bus. 


WR: — Write (OUT, 3-STATE) [62] 
Used during a CPU write cycle to enable transfer from the CPU data bus to the 
external memory or I/O device. 


ME- — Memory Enable (OUT, 3-STATE) [59] 

Indicates memory read or write operation. The HD64180 asserts ME* LOW in 
the following cases. 

(a) When fetching instructions and operands. 

(b) When reading or writing memory data. 
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(c) During memory access cycles of DMA. 
(d) During dynamic RAM refresh cycles. 


IOE* — 1/O Enable (OUT, 3-STATE) [58] 

Indicates I/O read or write operation. The HD64180 asserts IOE* LOW in the 
following cases. . 

(a) When reading or writing I/O data. 

(b) During I/O access cycles of DMA. 

(c) Acknowledge cycle of INTO. 


WAIT+ — Bus Cycle Wait (IN) [4] 

Introduces wait states to extend memory and I/O cycles. If LOW at the falling 
edge of T2, a wait (Tw) state is inserted. Wait states will continue to be inserted 
until the WAIT* input is sampled HIGH at the falling edge of Tw, at which time 
the bus cycle will proceed to completion. 


E — Enable (OUT) [60] 
Synchronous clock for connection to HID63X X series and other 6800/6500 
series compatible peripheral LSI. 


BUSREQ~ — Bus Request (IN) [6] 

Another device may request use of the bus by asserting BUSREQ* LOW. The 
CPU will stop executing instructions and places the address bus, data bus, RD*, 
WR*, ME* and IOE* in the high impedance state. 


BUSACK* — Bus Acknowledge (OUT) [5] 

When the CPU completes bus release (in response to BUSREQ* LOW), it will 
assert BUSACK* LOW. This acknowledges that the bus is free for use by the re- 
questing device. 


HALT — Halt/Sleep Status (OUT) [56] 
Asserted LOW after execution of the HALT and SLEEP instructions. Used with 
LIR* and ST output pins to encode CPU status. 


LIR* — Load Instruction Register (OUT) [61] 
Asserted LOW when the current cycle is an Op-code Fetch cycle. Used with 
HALT* and ST output pins to encode CPU status. 


ST — Status (OUT) [12] 
Used with the HALT* and LIR* output pins to encode CPU status. 
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Table 2.1.1 Status Summary 


CPU operation 
(1st op-code fetch) 


CPU operation 
(2nd op-code and 
3rd op-code fetch) 


CPU operation 
(MC except for op-code 
fetch) 


DMA operation 


HALT mode 


SLEEP mode (including 
SYSTEM STOP mode) 


xX : Don't care 
MC : Machine Cycle 


REF- — Refresh (OUT) [57] 
When LOW, indicates the CPU is in the dynamic RAM refresh cycle and the 
low order 8 bits (AO-A7) of the address bus contain the refresh address. 


NMI+ — Non-Maskable Interrupt (IN) [8] 

When edge transition from HIGH to LOW is detected, forces the CPU to save 
certain state information and vector to an interrupt service routine at address 66H. 
The saved state information is restored by executing the RETN (Return from Non- 
Maskable Interrupt) instruction. 


INTO* — Maskable Interrupt Level O (IN) [9] 

When LOW level, requests a CPU interrupt (unless masked) and saves certain 
state information unless masked by software. INTO* requests service using one of 
three software programmable interrupt modes. 


Mode Operation 
0 Instruction fetched and executed from data bus. 
1 Instruction fetched and executed from address 38H. 
2 Vector system — Low-order 8 bits vector table address fetched from data 
bus. 


In all modes, the saved state information is restored by execution of the RETI 
(Return from Interrupt) instruction. | 


INT1+, INT2* — Maskable Interrupt Level 1, 2 (IN) [10,11] 
When LOW level, requests a CPU interrupt (unless masked) and saves certain 
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State information unless masked by software. INT1* and INT2* (and internally gen- 
erated interrupts) request interrupt service using a vector system similar to Mode 2 
of INTO. 


DREQO- — DMA Request — Channel 0 (IN) [47] 

When LOW (programmable edge or level sense), requests DMA transfer serv- 
ice from channel 0 of the H1D64180 DMAC. DREQO* is used for Channel 0 memo- 
ry < > I/O and memory < ~-> memory mapped I/O transfers. DREQO* is not 
used for memory <--> memory transfers. This pin is multiplexed with CKAO. 


TENDO: — Transfer End — Channel 0 (OUT) [50] 

Asserted LOW synchronous with the last write cycle of channel 0 DMA transfer 
to indicate DMA completion to an external device. This pin ts multiplexed with 
CKAL. 


DREQ1+* — DMA Request — Channel 1 (IN) [54] 

When LOW (programmable edge or level sense), requests DMA data transfer 
service from channel | of the HD64180 DMAC. Channel | supports Memory 
<—> 1|/O transfers. 


TEND1+* — Transfer End — Channel 1 (OUT) [55] 
Asserted LOW synchronous with the last write cycle of channel | DMA transfer 
to indicate DMA completion to an external device. 


TXAO — Asynchronous Transmit Data — Channel 0 (OUT) [45] 
Asynchronous transmit data from channel 0 of the Asynchronous Scrial Com- 
munication Interface (ASCD. 


RXAO — Asynchronous Receive Data — Channel 0 (IN) [46] 
Asynchronous receive data to channel 0 of the ASCI. 


CKAO — Asynchronous Clock — Channel 0 (IN/OUT) [47] 
Clock input/output for channel 0 of the ASCI. This pin is multiplexed (software 
selectable) with DREQO*. 


RTSO* — Request to Send — Channel 0 (OUT) [42] 
Programmable modem control output signal for channel 0 of the ASCI. 


CTSO* — Clear to Send — Channel 0O (IN) [43] 
Modem control input signal for channel 0 of the ASCI. 


DCDO- — Data Carrier Detect — Channel 0 (IN) [44] 
Modem control input signal for channel 0 of the ASCI. 


TXA1 — Asynchronous Transmit Data — Channel 1 (OUT) [48] 
Asynchronous transmit data from channel | of the ASCI. 
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RXA1 — Asynchronous Receive Data — Channel 1 (IN) [49] 
Asynchronous receive data to channel 1 of the ASCI. 


CKA1 — Asynchronous Clock — Channel 1 (IN/OUT) [50] 
Clock input/output for channel | of the ASCI. This pin is multiplexed (software 
selectable) with TENDO+. 


CTS1+* — Clear to Send — Channel 1 (IN) [52] 
Modem control input signal for channel | of the ASCI. This pin is multiplexed 


(software selectable) with RXS. 


TXS — Clocked Serial Transmit Data (OUT) [51] 
Clocked serial transmit data from the Clocked Serial I/O Port (CSI/O). 


RXS — Clocked Serial Receive Data (IN) [52] 
Clocked serial receive data to the CSI/O. This pin is multiplexed (software selec- 


table) with ASCI channel 1 CTS1* modem control input. 


CKS — Serial Clock (IN/OUT) [53] 
Input or output clock for the CSI/O. 


TOUT — Timer Output (OUT) [31] 

Pulse output from Programmable Reload Timer channel 1. This pin is multip- 
lexed (software selectable) with Al8 (Address 18). 
Vcc — Power Supply [32] 


Vss — Ground [1,33] 
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2.2 CPU Bus Timing 


This section explains the 11D64180 CPU timing for the following operations. 

(1) Instruction (op-code) fetch timing. 

(2) Operand and data read/write timing. 

(3) I/O read/write timing. 

(4) Basic instruction (fetch and execute) timing. 

(5) RESET timing. 

(6) BUSREQ*/BUSACK* bus exchange timing. 

The basic CPU operation consists of one or more ‘‘machine cycles’? (MC). A 
machine cycle consists of three system clocks, Tl, T2 and T3 while accessing 
memory or I/O, or it consists of one system clock, Ti while the CPU internal opera- 
tion. The system clock (@) is half frequency of crystal oscillation (Ex. 8 MHz crystal 
— @ of 4 MHz, 250 nsec). For interfacing to slow memory or peripherals, optional 
wait states (Tw) may be inserted between T2 and T3. 


Instruction (Op-Code) Fetch Timing 

Fig. 2.2.1 shows the instruction (op-code) fetch timing with no wait states. 

An op-code fetch cycle is externally indicated when the LIR* (Load Instruction 
Register) output pin is LOW. 

In the first half of Tl, the address bus (A0-A18) is driven with the contents of 
the Program Counter (PC). Note that this is the translated address output of the 
11164180 on-chip MMU. 

In the second half of T1, the ME* (Memory Enable) and RD* (Read) signals 
are asserted, enabling the memory. 

The op-code on the data bus is latched at the rising edge of T3 and the bus cy- 
cle terminates at the end of T3. 


} —._—_—__—._ Fetch Cycle a 


TI ™2 T3 T1 T2 


° 
Q 
° 
~ 
: =] 
: 
2 
A 


: 
: 


2 
9 


Figure 2.2.1 Op-Code Fetch Timing 
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Fig. 2.2.2 illustrates the insertion of wait states into the op-code fetch cycle. Wait 
states are controlled by the external WAIT* input combined with an on-chip pro- 
grammiable wait state generator. 

At the falling edge of T2 the combined wait state input is sampled. If asserted 
LOW, a wait state (Tw) is inserted. The address bus, ME*, RD* and LIR* are 
held stable during wait states. When the wait state is sampled inactive HIGH at 
the falling edge of Tw, the bus cycle enters T3 and completes at the end of T3. 


Fetch Cycle 
T1 T2 Tw Tw T3 T1 T2 


| { | 
DO - D7? | ' ' : 
OP-code 
ee ae ee 
WAIT Se ae an emm eae ae ee. ome lo em ms | ieee | re ee Se ae ne ae ae ae ae Si em eer eae ae 8 or: eae 
ao eich es oe ees he ae Masao eet Re cee Coe Fo MU? ce el Oe te ee ee ea en 
\ \ \ \ 
LIR \ i I ! I / 
| | | | 
Ts pisces: | | | | a 
| | | | 
ee | | | | 
RD Nee 8 ee ey , oe ee ee 


Figure 2.2.2 Op-Code Fetch Timing (with wait state) 


Operand and Data Read/Write Timing 

The instruction operand and data read/write timing differs from op-code fetch 
timing in two ways. First, the LIR* output ts held inactive. Second, the read cycle 
timing is relaxed by one-half cycle since data is latched at the falling edge of T3. 

Instruction operands include immediate data, displacement and extended ad- 
dresses and have the same timing as memory data reads. 

During memory write cycles the ME* signal goes active in the second half of 
Tl. At the end of T1, the data bus is driven with the write data. 

At the start of T2, the WR* signal is asserted enabling the memory. ME* and 
WR: go inactive in the second half of T3 followed by deactivation of the write data 
on the data bus. 

Wait states are inserted as previously described for op-code fetch cycles. 

Fig. 2.2.3 illustrates the read/write timing without wait states while ae 2.2.4 il- 
lustrates read/write timing with wait states. 
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Figure 2.2.4 Memory Read/Write Timing (with wait state) 
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1/O Read/Write Timing 

I/O instructions cause data read/write transfer which differs from memory data 
transfer in the following three ways. The IOE* (I/O Enable) signal is asserted in- 
stead of the ME* signal. The 16-bit I/O address is not translated by the MMU and 
A16-A18 are held LOW. At least one wait state (Tw) is always inserted for I/O read 
and write cycles (except internal I/O cycles). 

Fig. 2.2.5 shows I/O read/write timing with the automatically inserted wait state. 


1/0 Read Cycle 1/0 Write Cycle 
TI T2 Tw T3 TI T2 Tw 13 


t 
AO - AI8 X 1/0 address ji x 1/0 eddress 


- =— ae “p= 


WR 


NOTE: A16-A18 = 0 for 1/O pales 
Figure 2.2.5 1/O Read/Write Timing 


Basic Instruction Timing 

An instruction may consist of a number of machine cycles including op-code 
fetch, operand fetch and data read/write cycles. An instruction may also include cy- 
cles for internal processing in which case the bus is idle. 

The example in Fig. 2.2.6 illustrates the bus timing for the data transfer instruc- 
tion LD(IX+d),g. This instruction moves the contents of a CPU register (g) to 
the memory location with address computed by adding an immediate displacement 
(d) to the contents of an index (IX) register. 

The instruction cycle starts with the two machine cycles to read the two bytes 
instruction op-code as indicated by LIR* LOW. Next, the instruction operand (d) is 
fetched. 

The external bus is idle while the CPU computes the effective address. Finally, 
the computed memory location is written with the contents of the CPU register (g). 
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CPU internal 
Ist Op-Code 2nd Op-Code Displacement state Memory Next instruction 


Fetch Fetch pes Write Fetch 


TH 12 13 TH T2 3 THE T2 3 Vi Ti TH TH T2 TE TH 12 


‘ JUUU UL UL LLL LL $e 

AD - AIB ( pc YX poor KX peer Red XP 
(DDH) (70H - 77H) d 9 . 

DO - D? 
LIR Noe Na Ms 
ne Nef Non) Nef Nee Nee 
RD Nias  Nutety Nene =<“ S:*C‘“<‘<C;<CS~SC‘<“i<‘<i<C*SN 
WR 


MCI MC2 Mc3 MC4 MCS MC6 MCc7 
NOTE: dd displacement 


q_ register contents 


Figure 2.2.6 LD(IX+d), g Instruction Timing 


RESET Timing 


Fig. 2.2.7 shows the 11D64180 hardware RESET timing. If the RESET* pin is 
LOW for more than three clock cycles, processing is terminated and the 111D64180 
restarts execution from (logical and physical) address 0. 


Restart 


Reset 
‘ TEL 


More than 3 Clocks 


RESET Se 


High Impedance 


Figure 2.2.7 RESET Timing 
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BUSREQ+/BUSACK>* Bus Exchange Timing 

The HD64180 can coordinate the exchange of control, address and data bus 
ownership with another bus master. The alternate bus master can request the bus by 
asserting the HD64180 BUSREQ* (Bus Request) input LOW. After the HD64180 
releases the bus, it relinquishes control to the alternate bus master by asserting the 
BUSACK* (Bus Acknowledge) output LOW. 

The bus may be released by the 11D64180 at the end of each machine cycle. In 
this context a machine cycle consists of a minimum of 3 clock cycles (more if wait 
states are inserted) for op-code fetch, memory read/write and I/O read/write cycles. 
Except for these cases, a machine cycle corresponds to one clock cycle. 

When the bus is released, the address (A0-A18), data (DO-D7) and control 
(ME*, IOE*, RD*, and WR*) signals are placed in the high impedance state. 

Note that dynamic RAM refresh is not performed when the HD64180 has re- 
leased the bus. The alternate bus master must provide dynamic memory refreshing 
if the bus is released for long periods of time. 

Fig. 2.2.8 illustrates BUSREQ*/BUSACK* bus exchange during a memory read 
cycle. Fig. 2.2.9 illustrates bus exchange when the bus is requested during an 
11164180 internal CPU cycle. 


Bus release cycle CPU cycle 


CPU memory read cycle | 


TI T2 Tw 13 Tx Tx Tx T1 


Figure 2.2.8 Bus Exchange Timing (1) 
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CPU internal oper ation Bus release cycle CFU cycle 


BUSREQ \ / 
BUSACK ee 


Figure 2.2.9 Bus Exchange Timing (2) 


2.3 WAIT State Generator 
2.3.1 Wait State Timing 


To ease interfacing with slow memory and I/O devices, the 11D64180 uses wait 
states to extend bus cycle timing. A wait state(s) is inserted based on the combined 
(logical OR) state of the external WAIT* input and an internal programmable wait 
state generator. Wait statcs can be inserted in both CPU execution and DMA trans- 
fer cycles. 


2.3.2 WAIT= Input 


When the external WAIT* input is asserted LOW, wait state (Tw) are inserted 
between T2 and T3 to extend the bus cycle duration. The WAIT* input is sampled 
at the falling edge of the system clock in T2 or Tw. If the WAIT* input is asserted 
at the falling edge of the system clock in Tw, another Tw is inserted into the bus cy- 
cle. Note that WAIT* input transitions must meet specified set-up and hold times. 
This can easily be accomplished by externally synchronizing WAIT* input transitions 
with the rising edge of the system clock. 

Dynamic RAM refresh is not performed during wait states and thus systems de- 
signs which uses the automatic refresh function must consider the affects of the oc- 
currence and duration of wait states. 


2.3.3 Programmable Wait State Insertion 


In conjunction with the WAIT* input, wait states can also be programmably in- 
serted using the HD64180 on-chip wait state generator. Wait state timing applies for 
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both CPU execution and on-chip DMAC cycles. 

By programming the 4 significant bits of the DMA/WAIT Control Register 
(DCNTL), the number of wait states automatically inserted in memory and I/O cy- 
cles can be separately specified. Bits 4-5 specify the number of I/O wait states in- 
serted and bits 6-7 specify the number of memory wait states inserted. 


DMA/WAIT Control Register (DCNTL : !/O Address = 32H) 
bit 7 6 5 4 


§ 
ae a IWIO 


R/W R/W R/W R/W 


The number of wait states inserted in a specific cycle is the maximum of the 
number requested by the WAIT* input, and the number automatically generated by 
the on-chip wait state generator. 


© Bit 7,6 : MWI1, MWIO (Memory Wait Insertion) 
For CPU and DMAC cycles which access memory (including memory mapped 


1/O), 0-3 wait states may be automatically inserted depending on the programmed 
value in MWII and MWIO. 
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© Bit 5, 4: IWI1, IWIO (I/O Wait Insertion) 


For CPU and DMAC cycles which access external I/O (and_ interrupt 
acknowledge cycles), | to 6 wait states may be automatically inserted depending on 
the programmed value in IWI1 and IWIO. 


the number of wait states 


For external 1/0 For internal 1/0 For INTO interrupt |For INT1, INT2 For NMI interrupt 
registers accesses |registers accesses |acknowledge cy- [and internal inter- acknowledge cy- 
rupts acknowledge |cles when LIR is 


Note: 

(1) For 11164180 internal I/O register access (I/O addresses OOOOH- OO3FH), IW and TWI0 do 
not determine wait state timing. For ASCI, CSI/O and PRT Data Register accesses, 0 to 4 wait 
states will be generated. The number of wait states inserted during access to these registers is a 
function of internal synchronization requirements and CPU state. 

All other on-chip I/O register accesses (i.e. MMU, DMAC, ASCI Control Registers, etc.) 
have 0 wait states inserted and thus require only three clock cycles. 

(2) For interrupt acknowledge cycles in which LIR* is HIGH, such as interrupt vector table read 
and PC stacking cycle, memory access timing applies. 


2.3.4 WAIT= Input and RESET 


During RESET, MWI1, MWI0O, IWIl and IWIO are all set=1, selecting the 
maximum number of wait states (3 for memory accesses, 4 for external I/O ac- 
cesses). 

Also, note that the WAIT* input is ignored during RESET. For example, if RE- 
SET is detected while the HD64180 is in a wait state, the wait stated cycle in pro- 
gress will be aborted, and the RESET sequence initiated. Thus, RESET has higher 
priority than WAIT. 


20 HITACHI 


2.4 HALT, SLEEP and Low Power Operation 


The 11164180 can operate in 4 different modes. HALT mode and three low 
power operation modes — SLEEP, IOSTOP and SYSTEM STOP. Note that in all 
operating modes, the basic CPU clock (XTAL, EXTAL) must remain active. 


2.4.1 HALT mode 


HALT mode is entered by execution of the HALT instruction (op-code = 
76H) and has the following characteristics. 
(1) The internal CPU clock remains active. 
(2) All internal and external interrupts can be received. 
(3) Bus exchange (BUSREQ* and BUSACK*) can occur. 
(4) Dynamic RAM refresh cycle (REF*) insertion continues at the programmed 
interval. 
(5) I/O operations (ASCI, CSI/O and PRT) continue. 
(6) The DMAC can operate. 
(7) The HALT* output pin is asserted Low. 
(8) The external bus activity consists of repeated ‘dummy’ fetches of the op-code 
following the HALT instruction. 
Essentially, the HD64180 operates normally in HALT mode, except that in- 
struction execution is stopped. 
HALT mode can be exited in two ways. 


RESET Exit From HALT Mode 

If the RESET* input is asserted LOW for more than three clock cycles, HALT 
mode is exited and the normal RESET sequence (restart at address 00000H) is initi- 
ated. 


interrupt Exit From HALT Mode 

When an internal or external interrupt is generated, HALT mode ts exited and 
the normal interrupt response sequence is initiated. 

If the interrupt source is masked (individually by enable bit, or globally by IEF1 
state), the HD64180 remains in HALT mode. However, NMI interrupt will initiate 
the normal NMI interrupt response sequence independent of the state of IEF1. 

HALT mode timing is shown in Fig. 2.4.1. 
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HALT Fetch MALT Mode Op-Code Fetch 


7 fa a Lr Le 


EGA: Ee ING fg ee eae eet en 
AO - A186 HALT Op-Code Address HALT Op-Code Address +1 


HALT a fee 
tie eee eee 
BD See ee Ne 


Figure 2.4.1 HALT Timing 


2.4.2 SLEEP Mode 


SLEEP mode is entered by execution of the two byte SLEEP instruction. 
SLEEP mode has the following characteristics. 
(1) The internal CPU clock stops, reducing power consumption. 
(2) The internal crystal oscillator does not stop. 
(3) Internal and external interrupt inputs can be received. 
(4) DRAM refresh cycles stop. 
(5) I/O operations using on-chip peripherals continue. 
(6) The internal DMAC stop. 
(7) BUSREQ* can be received and acknowledged. 
(8) Address outputs go HIGH and all other control signal output become inactive 
(HIGH). 
(9) Data Bus, 3-state. i 
SLEEP mode is exited in one of two ways. 


RESET Exit From SLEEP Mode 

If the RESET* input is held LOW for more than 3 clock cycles, the HD64180 will 
exit SLEEP mode and begin the normal RESET sequence with execution starting at 
address (logical and physical) 0. 


Interrupt Exit From SLEEP Mode 

The SLEEP mode is exited by detection of an external (NMI, INTO-INT2) or 
internal (ASCI, CSI/O, PRT) interrupt. 

In the case of NMI, SLEEP mode is exited and the CPU begins the normal 
NMI interrupt response sequence. 

In the case of all other interrupts, the interrupt response depends on the state of 


22 HITACHI 


the global interrupt enable flag (IEF1) and the individual interrupt source enable bit. 

If the individual interrupt condition is disabled by the corresponding enable bit, 
occurrence of that interrupt is ignored and the CPU remains in the SLEEP state. 

Assuming the individual interrupt condition is enabled, the response to that in- 
terrupt depends on the global interrupt enable flag (IEF1). If interrupts are globally 
enabled (IEF1=1) and an individually enabled interrupt occurs, SLEEP mode is ex- 
ited and the appropriate normal interrupt response sequence is executed. 

If interrupts are globally disabled (IEF1=0) and an individually enabled inter- 
rupt occurs, SLEEP mode is exited and instruction execution begins with the in- 
struction following the SLEEP instruction. Note that this provides a technique for 
synchronization with high speed external events without incurring the latency im- 
posed by an interrupt response sequence. 

Fig. 2.4.2 shows SLEEP timing. 


SLP OP-code Op-Code Fetch or interrupt 
Fetch Sleep Mode acknow le 
T2 13 11 12 1S 1S 11 T2 13 


pL LL Le eh ee 


INT , NHI <aLkie Caimi 
AD-A18 _SLP Op-Code Address 


HALT 


Figure 2.4.2 SLEEP Timing 


2.4.3 |OSTOP Mode 


IOSTOP mode is entered by setting the IOSTP bit of the I/O Control Register 
(ICR) to 1. In this case, on-chip I/O (ASCI, CSI/O, PRT) stops operating, reducing 
power consumption. However, the CPU continues to operate. Recovery from 
IOSTOP mode is by resetting the IOSTP bit in ICR to 0. 


2.4.4 SYSTEM STOP Mode 


SYSTEM STOP mode is the combination of SLEEP and IOSTOP modes. SYS- 
TEM STOP mode is entered by setting the IOSTP bit in ICR = 1 followed by ex- 
ecution of the SLEEP instruction. Recovery from SYSTEM STOP mode is the same 
as recovery from SLEEP mode, noting that internal I/O sources (disabled by 
IOSTOP) cannot generate a recovery interrupt. 
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2.5 1/0 and Control Registers 


The #1D64180 on-chip I/O and Control Registers occupy 64 I/O addresses (in- 
cluding reserved addresses). These registers access the on-chip I/O modules (ASCI., 
CSI/O, PRT) and control functions (DMAC, DRAM refresh, interrupts, wait state 
generator, MMU and I/O relocation). 

To avoid address conflicts with external I/O, the HID64180 on-chip I/O ad- 
dresses can be relocated on 64 bytes boundaries within the bottom 256 bytes of the 
64k bytes I/O address space. 


1/O Control Register (ICR) 
ICR allows relocating of the on-chip I/O addresses. ICR also controls enabling/ 
disabling of the IOSTOP mode. 


/O Control Register (ICR : I/O Address = 3FH) 


R/W R/W 


© 10A7, 6: VO Address Relocation (bits 7-6) 

IOA7 and IOA6 relocate on-chip I/O as shown in Fig. 2.5.1. Note that the high- 
order 8 bits of 16-bit on-chip I/O addresses are always 0. IOA7 and IOA6 arc 
cleared = 0 during RESET. 


© !10STP: lOSTOP Mode (bit 5) 

IOSTOP low power consumption mode is enabled when IOSTP is set = 1. Nor- 
mal I/O operation resumes when IOSTP is reset = 0. IOSTP is cleared = 0 during 
RESET. 

The on-chip I/O and control register addresses are shown in Table 2.5.1. These 
addresses are relative to the 64 bytes boundary base address specified in ICR. 


OOFFH 
10A7- 1OAG=1 1-- ~ 

OOCOH 

OOBFH 
1OA7 = 10A6=1 O—-—-> 

0080H 

007FH 
I0A7 + 10A6=0 1-----~ 

0040H 

003FH 
10A7 + 10A6=0 0-—-—~ 

0000H 


Figure 2.5.1 On-chip I/O Address Relocation 
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Table 2.5.1 1/O Address Map (1) 


Address 
en 


I Control Register A Ch 0 NTLAO Beusd 
Control Register A Ch 1 CNTLAI XX000001 
Control Register B Ch 0 CNTLBO XX000010 
Control Register B Ch 1 CNTLBI XX000011 
Status Register Ch 0 STATO XX000100 
Status Register Ch 1 STATI XX000101 
Transmit Data Register Ch 0 TDRO XX000110 
Transmit Data Register Ch 1 TDR1 XXOOO1LI 
Receive Data Register Ch 0 RDRO XX001000 
Receive Data Register Ch 1] RDR1] XX001001 

CSI/O Control Register Xx001010 
CSI/O Transmit/ Receive Data Register XXOOLOILIL 
Timer Data Register Ch XX001100 
Timer Data Register Ch XXO00O1101 
Reload Register Ch OL RLDROL | XX001110 
Reload Register Ch OH RLDROH XXOOILII 
Timer Control Register TCR XX0 10000 
Reserved sa 
XXO10011 

Timer Data Register Ch IL TMDRIL XX010100 
Timer Data Register Ch 1H TMDRIH XXOLOIOL 
Reload Register Ch IL RLDR1L XX010110 


Reload Register Ch IH RLDR1H Xx010111 


XxX011000 
) 


Reserved XXOLLI1L1 


HITACHI 25 


Table 2.5.1 I/O Address Map (2) 


Address 
Register Mnemonic 


XX100000 20H 


SAROL 


Source Address Register Ch OL 


SAROH XX100001 21H 


Source Address Register Ch OH 


SAROB XX1LO0010 22H 


DMA Source Address Register Ch OB 


DMA Destination Address Register Ch Oj DAROL XX100011 23H 


DMA Destination Address Register Ch OH DAROH XX1O0L00 24H 


DMA Destination Address Register Ch OH DAROB XX100101 25H 


BCROL XX1OOLLO 26H 


Byte Count Register Ch OL 


Ch OH BCROH 27H 


Byte Count Register XX1OOLI] 


28H 


Memory Address Register MARIL XX10N1000 


Memory Address Register MARIH XX1ON1001 29H 


2AH 


Memory Address Register MARIB XX1IOIOLO 


1/0 Address Register Ch IL IARIL XXIONIONL 2BH 


1/0 Address Register Ch 1H ITARIH XXLOLLOO 2CH 


XX101101 2DH 


Reserved 


Byte Count Register Ch IL XX1N1110 2EH 


2FH 


Byte Count Register Ch IH XXIO1LI1 


XX110000 30H 


Status Register 


XX110001 31H 


Mode Register 


DMA/ WAIT Control Register XX110010 


IL Register (INT Vector Register) XX110011 


INT/ TRAP Control Register XX110100 


Reserved XX110101 
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Table 2.5.1 I/O Address Map (3) 


XX110111 
XX1T1O000 
XX1L1001 


XX1LL1010 


ed 
Register ee Lee 
1/0 Reserved XX111011 


Refresh} Refresh Control Register XXH10110 
Reserved 
MMU MMU Common Base Register 
MMU Bank Base Register BBR 39H 
MMU Common/Bank Area Register CBAR 
= ra 
XXIL1110 3EH 


I/O Control Register ICR XX111111 3FH 


/O ADDRESSING NOTES 

The on-chip I/O register addresses are located in the I/O address space from 
0000H to OOFFH (16-bit I/O addresses). Thus, to access the on-chip I/O registers 
(using I/O instructions), the high-order 8 bits of the 16-bit I/O address must be 0. 

The conventional I/O instructions (OUT (m),A/ IN A,(m) / OUTI / INI/ etc.) 
place the contents of a CPU register on the high-order 8 bits of the address bus, and 
thus may be difficult to use for accessing on chip I/O registers. 

For efficient on-chip I/O register access, a number of new instructions have 
been added which force the high-order 8 bits of the 16-bit I/O address to 0. These 
instructions are INO, OUTO, OTIM, OTIMR, OTDM, OTDMR and TSTIO (See 
section 3.1 Instruction Set). 

Note that when writing to an internal I/O register, the same I/O write occurs on 
the external bus. However, the duplicate external I/O write cycle will exhibit internal 
I/O write cycle timing. For example, the WAIT* input and programmable wait state 
generator are ignored. Similarly, internal I/O read cycles also cause a duplicate exter- 
nal I/O read cycle — however, the external read data is ignored by the HD64180. 

Normally, external I/O addresses should be chosen to avoid overlap with inter- 
nal I/O addresses to avoid duplicate I/O accesses. 


2.6 Memory Management Unit (MMU) 


The HD64180 contains an on-chip MMU which performs the translation of the 
CPU 64k bytes (16-bit addresses- 0000H to FFFFH) logical memory address space 
into a 512k bytes (19-bit addresses- OOOO0O0H to 7FFFFH) physical memory address 
space. Address translation occurs internally in parallel with other CPU operation. 
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LOGICAL ADDRESS SPACES 

The 64k bytes CPU logical address space is interpreted by the MMU as consisting 
of up to three separate logical address areas, Common Area 0, Bank Area and Com- 
mon Area I. 

As shown in Fig. 2.6.1 a variety of logical memory configurations are possible. 
The boundaries between the Common and Bank areas can be programmed with 4k 
bytes resolution. 


Common Area Common Area 1 Common Area 1! 


Common Area 1! 


Bank Area 


Bank Area Common Area 0 


Common Area 9 


Figure 2.6.1 Logical Address Mapping Examples 


LOGICAL TO PHYSICAL ADDRESS TRANSLATION 

Fig. 2.6.2 shows an example in which the three logical address space portions are 
mapped into a 512k bytes physical address space. The important points to note are 
that Common and Bank areas can overlap and that Common Area | and Bank Area 
can be freely relocated (on 4k bytes physical address boundaries). Common Area 0 
(if it exists) is always based at physical address 0. 


7JFFFEH 


FFEFH 


Common Bas 


+ 


Common Area } 


Logical Space 


1 


xyz 


OO000H 


OO000H 


Physical Space 


Figure 2.6.2 Logical —- Physical Memory Mapping Example 
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MMU BLOCK DIAGRAM 
The MMU block diagram is shown in Fig. 2.6.3. The MMU translates internal 
16-bit logical addresses to external 19-bit physical addresses. 


< Internal Address/Data Bus - 


ann A GEE YS & 
( [mu 


MMU Common/Bank Area 
Register; CBAR (8) 


Memory 
Management Unit 
MMU Bank Base 
Register: BBR (7) 


MMU Common Base 
Z Register: CBR (7) 


| 7 


PA 2 -PAir 
LA: Logical Address 


PA: Physical Address 


Figure 2.6.3 MMU Block Diagram 


Whether address translation takes place depends on the type of CPU cycle as 
follows. 
(1) Memory Cycles 

Address Translation occurs for all memory access cycles including instruction 
and operand fetches, memory data reads and writes, hardware interrupt vector fetch 
and software interrupt restarts. 
(2) I/O Cyeles 

The MMU is logically bypassed for I/O cycles. The 16-bit logical I/O address 
space corresponds directly with the 16-bit physical I/O address space. The three high 
order bits (A16-A18) of the physical address are always 0 during I/O cycles. 


LAts LA o 


"000" | 


PA: a PAie PAs : 
| | Physical Address 


Figure 2.6.4 1/O Address Translation 


(3) DMA Cycles 
When the HD64180 on-chip DMAC is using the external bus, the MMU is 
physically bypassed. The 19-bit source and destination registers in the DMAC 
are directly output on the physical address bus (A0-A18). 


MMU REGISTERS 
Three MMU registers are used to program a specific configuration of logical and 
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physical memory. 

(1) MMU Common/Bank Area Register (CBAR) 

(2) MMU Common Base Register (CBR) 

(3) MMU Bank Base Register (BBR) 

CBAR is used to define the logical memory organization, while CBR and BBR 
are used to relocate logical areas within the 512k bytes physical address space. The re- 
solution for both setting boundaries within the logical space and relocation within the 
physical space is 4k bytes. 

The CAR field of CBAR determines the start address of Common Area 1 (Up- 
per Common) and by default, the end address of the Bank Area. The BAR ficld de- 
termines the start address of the Bank Area and by default, the end address of 
Common Area 0 (Lower Common). 


The CA and BA fields of CBAR may be freely programmed subject only to the 
restriction that CA may never be less than BA. Fig. 2.6.5 and Fig. 2.6.6 shows 


examples of logical memory organizations associated with different values of CA and 
BA. 


Common Area l Common Area |! Common Area 1 


Common Area I! 


Bank Area 


Bank Area Common Area 0 


Common Area 0 


Common Area Il Common Area Il Common Area 1 Common Area 1 
Lower limit address Lower limit address Lower limit address Lower limit address 
> > = = 
Bank Area Bank Area Bank Area Bank Area 
Lower limit address Lower limit address Lower limit address Lower limit address 
> = > = 
OOOOH OOOOH OOOOH OOOOH 


(RESET condition) 


Figure 2.6.5 Logical Memory Organization 
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FFFFH 
MMU Common/Bank Area Register 


Be a Be creer aa 


CFFFH 
D7 C6 U5 C4 


Corarnon Ares 1 


Bank Ares 


MMU Common/Bank Area Register 


aFFFH 
Ox Dz Dy Da 


Corntnaen Ares 


NO00H 


Figure 2.6.6 Logical Space Configuration (Example) 


MMU REGISTER DESCRIPTION 


MMU Common/Bank Area Register (CBAR) 
CBAR specifies boundaries within the HD64180 64k bytes logical address space 
for up to three areas, Common Area 0, Bank Area and Common Area 1. 


Pai peal Area gag aie : i Address = ea 


R/W R/W R/W R/W R/W R/W 


© CA3-CA0: CA (bits 7-4) 

CA specifies the start (low) address (on 4k bytes boundaries) for the Common 
Area |. This also determines the last address of the Bank Area. All bits of CA are 
set to | during RESET. 
© BA3-BAO: BA (bits 3-0) 

BA specifies the start (low) address (on 4k bytes boundaries) for the Bank Area. 
This also determines the last address of the Common Area 0. All bits of BA are reset to 
0 during RESET. 


MMU Common Base Register (CBR) 

CBR specifies the base address (on 4k bytes boundaries) used to generate a 19-bit 
physical address for Common Area | accesses. All bits of CBR are reset to 0 during RE-.- 
SET. 
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wie ones Base si caaea oe :/0 oe = fs 


[Teng Tene Tone Tess ee Tens Tene 


R/W R/W R/W R/W 


MMU Bank Base Register (BBR) 
BBR specifies the base address (on 4k bytes boundaries) used to generate a 19-bit 
physical address for Bank Area accesses. All bits of BBR are reset to 0 during RESET. 


MMU Bank Base oo sale : VO Address = — 


(elit alia na es 


R/W R/W R/W RAW R/W R/W 


PHYSICAL ADDRESS TRANSLATION 

Fig. 2.6.7 shows the way in which physical addresses are generated based on the 
contents of CBAR, CBR and BBR. MMU comparators classify an access by logical 
area as defined by CBAR. Depending on which of the three potential logical areas 
(Common Area 1, Bank Area or Common Area 0) is being accessed, the appropri- 
ate 7-bit base address is added to the high-order 4 bits of the logical address, yield- 
ing a 19-bit physical address. CBR is associated with Common Area |] accesses. 
Common Area 0 accesses use a (non-accessible, internal) base register which con- 
tains 0. Thus, Common Area 0, if defined, is always based at physical address 0. 
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MMU Common/ 4 : 
Bank Area Logical 
Register Address 


D7- D4 omparator 4 (64K) 


MMU Common/ 4 
Bank Area 
Register 


D3- Do 


MMU Common Base Rea. 
MMU Bank Base Reg. 


0 
Physical 
es 
(512K) 


Figure 2.6.7 Physical Address Generation 


MMU AND RESET 
During RESET, all bits of the CA field of CBAR are set to 1 while all bits of the BA 


field of CBAR, CBR and BBR are reset to 0. The logical 64k bytes address space corres- 
ponds directly with the first 64k bytes (QO00H to FFFFH) of the 512k bytes (00000H to 
7FFFFH) physical address space. Thus, after RESET, the HD64180 will begin execu- 
tion at logical and physical address 0. | 


MMU REGISTER ACCESS TIMING 

When data is written into CBAR, CBR or BBR, the value will be effective from 
the cycle immediately following the I/O write cycle which updates these registers. 

Care must be taken during MMU programming to insure that CPU program ex- 
ecution is not disrupted. Observe that the next cycle following MMU register pro- 
gramming will normally be an op-code fetch from the newly translated address. One 
simple technique is to localize all MMU programming routines in a Common Area 
that is always enabled. 
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2.7 Interrupts 


The HD64180 CPU has twelve interrupt sources, four external and eight inter 
nal, with fixed priority. 


Higher (1) TRAP (Undefined Op-code Trap) ...................... Internal Interrupt 
Priority (2) NMI (Non Maskable Interrupt) 
(3) INTo (Maskable Interrupt Level 0) External Interrupt 
(4) INT: (Maskable Interrupt Level 1) 
(5) INT2 (Maskable tnterrupt Level 2) 
(6) Timer 0 
(7) Timer 1 
(8) DMA channel 0 
(9) DMA channel 1 Internal Interrupt 
(10) Clocked Serial |/O Port 
Lower (11) Asynchronous SCI channel 0 
Priority (12) Asynchronous SC! channel 1 


Figure 2.7.1 Interrupt Sources 


This section explains the CPU registers associated with interrupt processing, the 
TRAP interrupt, interrupt response modes and the external interrupts. The detailec 
discussion of internal interrupt generation (except TRAP) is presented in the ap 
propriate hardware section (i.e. PRT, DMAC, ASCI and CSI/O). 


INTERRUPT CONTROL REGISTERS AND FLAGS 
The HD64180 contains three registers and two flags which are associated witt 
interrupt processing. 


Function Name Access Method 
(1) Interrupt Vector High I LDA,Iand LD I, A instructions 
(2) Interrupt Vector Low IL I/O instruction (addr= 33H) 
(3) Interrupt/Trap Control ITC I/O instruction (addr= 34H) 
(4) Interrupt Enable Flag 1,2. TEF1,2 EI and DI 
LD A, I 


LD A, R instructions 


Interrupt Vector Register (I) 

Mode 2 for INTO external interrupt, INT 1 and INT2 external interrupts and all in 
ternal interrupts (except TRAP) use a programmable vectored technique to determin 
the address at which interrupt processing starts. In response to the interrupt a 16-bit ad 
dress is generated. This address accesses a vector table in memory to obtain the addres: 
at which execution restarts. 

While the method for generation of the least significant byte of the table addres: 
differs, all vectored interrupts use the contents of I as the most significant byte o 
the table address. By programming the contents of I, vector tables can be relocatec 
on 256 bytes boundaries throughout the 64k bytes logical address space. 

Note that I is read/written with the LD A, I and LD I, A instructions rathe 
than I/O (IN, OUT) instructions. 

I is initialized to 0 during RESET. 
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Interrupt Vector Low Register (IL) 
interrupt Vector Low Register (IL : 1/O Address = 33H) 


bit 7 6 5 4 3 2 1 0 
R/W R/W R/W 


——————— ee : 
Programmable Interrupt Source Dependent Code 


This register determines the most significant three bits of the low order byte of 
the interrupt vector table address for external interrupts INT! and INT2 and all 
internal interrupts (except TRAP). The five least significant bits are fixed for each 
specific interrupt source. By programming IL the vector table can be relocated on 32 
bytes boundaries. 

IL is initialized to 0 during RESET. 


INT/TRAP Control Register (ITC) 


INT/TRAP Control Register (ITC : I/O Address = 34H) 


b 


it 7 6 5 4 3 2 1 0 
R/W R R/W R/W R/W 


ITC is used to handle TRAP interrupts and to enable or disable the external 
maskable interrupt inputs INTO*, INT1* and INT2«. 


© TRAP (bit 7) 

This bit is set to 1 when an undefined op-code is fetched. TRAP can be reset 
under program control by writing it with 0, however it cannot be written with | 
under program control. TRAP is reset to 0 during RESET. 


© UFO: Undefined Fetch Object (bit 6) 

When a TRAP interrupt occurs (TRAP bit set to 1), the contents of UFO allow 
determination of the starting address of the undefined instruction. This is necessary 
since the TRAP may occur on either the second or third byte of the op-code. UFO 
allows the stacked PC value (stacked in response to TRAP) to be correctly adjusted. 
If UFO = 0, the first op-code should be interpreted as the stacked PC— 1. If UFO 
= |, the first op-code address is stacked PC— 2. UFO is read-only. 


© ITE2,1,0: interrupt Enable 2,1,0 (bits 2-0) 

ITE2, ITE! and ITEO enable and disable the external interrupt inputs INT2*, 
INT1* and INTO* respectively. If reset to 0, the interrupt is masked. During RESET, 
ITEO is initialized to 1 while ITE1 and ITE2 are initialized to 0. 
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Interrupt Enable Flag 1,2 (IEF1,2) 

IEF1 controls the overall enabling and disabling of all internal and external 
maskable interrupts (i.e. all interrupts except NMI and TRAP). 

If IEF1 = 0, all maskable interrupts are disabled. IEF1 can be reset to 0 by the 
DI (Disable Interrupts) instruction and set to 1 by the EI (Enable Interrupts) instruc- 
tion. 

The purpose of IEF2 is to correctly manage the occurrence of NMI. During NMI, 
the prior interrupt reception state is saved and all maskable interrupts are automatically 
disabled (IEF1 copied to IEF2 and then IEF1 cleared to 0). At the end of the NMI in- 
terrupt service routine, execution of the RETN (Return from Non-maskable Interrupt) 
will automatically restore the interrupt receiving state (by copying IEF2 to IEF1) prior 
to the occurrence of NMI. 

IEF2 state can be reflected in the P/V bit of the CPU Status register by execution of 
the (a) LD A, I or (b) LD A, R instructions. 

Table 2.7.1 shows the state of IEF] and IEF2. 


Table 2.7.1 State of IEF1 and IEF2 


CPU Operation IEFl IEF2 REMARKS 
RESET Inhibits the interrupt 
except NMI and TRAP. 
NMI IEF] Copies the contents of 
IEF] to IEF2. j 
RETN IEF2 not affected Returns from the NMI 
service routine. 
Interrupt except Inhibits the interrupt. 
NMI and TRAP 
ce le 
ee Sie ee eee 
[ic SARA (SN (Sa OS | EE 
LD A, I not affected not affected Transfers the contents 
of IEF2 to P/V flag. 
LD A, R not affected not affected Transfers the contents 
of IEF2 to P/V flag. 


TRAP INTERRUPT 
The HD64180 generates a non-maskable (not affected by the state of IEF1) 
TRAP interrupt when an undefined op-code fetch occurs. This feature can be used 
to increase software reliability, implement an ‘extended’ instruction set, or both. 
TRAP may occur during op-code fetch cycles and also if an undefined op-code is 
fetched during the interrupt acknowledge cycle for INTO when Mode 0 is used. 
When a TRAP interrupt occurs the HD64180 operates as follows. 
(1) The TRAP bit in the Interrupt TRAP/Control (ITC) register is set to 1. 
(2) The current PC (Program Counter) value, reflecting the location of the 
undefined op-code, is saved on the stack. 
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(3) The HD64180 vectors to logical address 0. Note that if logical address 0 is map- 
ped to physical address 0, the vector is the same as for RESET. In this case, testing 
the TRAP bit in ITC will reveal whether the restart at physical address 0 was caused 
by RESET or TRAP. 

The state of the UFO (Undefined Fetch Object) bit in ITC allows TRAP han- 
dling software to correctly ‘adjust’ the stacked PC depending on whether the second 
or third byte of the op-code generated the TRAP. If UFO = 0, the starting address 
of the invalid instruction is equal to the stacked PC-1. If UFO = 1, the starting ad- 
dress of the invalid instruction is equal to the stacked PC-2. Fig. 2.7.2 shows TRAP 
Timing. 

Note that Bus Release cycle, Refresh cycle, DMA cycle and WAIT cycle can’t be 
inserted just after Typ state which is inserted for TRAP interrupt sequence. 
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Restart from 0O000H 


Pap nnn rn 


3rd op-code :  Qp-code 


fetch cycle Memory read cycle | PC stacking i fetch cycle | 


| | 
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a Ee ee er ee ee eee gee 


Ao ~ Aus ee ae a ee eee 00001 
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T; | Ty, T; T; 


Do ~ 07 


Undefined 
op-code 


Figure 2.7.2(b) TRAP — 3rd Op-code Undefined 


EXTERNAL INTERRUPTS 

The HD64180 has four externa! hardware interrupt inputs. 

(1) NMI — Non-maskable Interrupt 

(2) INTO -- Maskable Interrupt Level 0 

(3) INTi — Maskable Interrupt Level 1 

(4) INT2 — Maskable Interrupt Level 2 

NMI, INTI and INT2 have fixed interrupt response modes. INTO has three 
different software programmable interrupt response modes — Mode 0, Mode | and 
Mode 2. 


NMI — Non-Maskable Interrupt 

The NMI* interrupt input is edge sensitive and cannot be masked by software. 
When NMI> is detected, the 11ID64180 operates as follows. 

(1) DMAC operation is suspended by the clearing of the DME (DMA Main Ena- 
ble) bit in DCNTL. 

(2) The PC is pushed onto the stack. 

(3) The contents of IEF! are copied to IEF2. This saves the interrupt reception state 
that existed prior to NMI. 

(4) IEFI is cleared to 0. This disables all external and internal maskable interrupts 

(i.e. all interrupts except NMI and TRAP). 

(5) Execution commences at logical address 66H. 

The last instruction of an NMI service routine should be RETN (Reiurn from 
Non-maskable Interrupt). This restores the stacked PC, allowing the interrupted 
program to continue. Furthermore, RETN causes [EF2 to be copied to IEF!, restor- 
ing the interrupt reception state that existed prior to the NMI. 

Note that NMI, since it can be accepted during HD64180 on-chip DMAC oper- 
ation, can be used to externally interrupt DMA transfer. The NMI service routine 
can reactivate or abort the DMA operation as required by the application. 

For NMI, special care must be taken to insure that interrupt inputs do not ‘over- 
run’ the NMI service routine. Unlimited NMI* inputs without a corresponding number 
of RETN instructions will eventually cause stack overflow. 

Fig. 2.7.3 shows the use of NMI and RETN while Fig. 2.7.4 details NMI response 
timing. The NMI response sequence is activated, if the internally latched edge sensitive 
NMIF« input is detected at the falling edge of T2 (or Tw). 


VEF! —> fEF2 


main Oo -> TEFI 
ger 


progrem PCH —> (SP-1) 
PCL —> (SP-2) 


NMI 
interrupt Hendling 


NMI —> progrem 


1EF 1 €- IEF2 


PCL €- (SP) 


PCH ¢ (SP+t) 


Figure 2.7.3 NMi Sequence 
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NMI acknowledge cycle 


Restart from O0066H 


PC push on stack 


Op-Code Fetch 


Instruction 


D0-0? (ron _~» 
Figure 2.7.4 NMI Timing 


INTO — Maskable Interrupt Level 0 

The next highest priority external interrupt after NMI is INTO. The interrupt is 
masked if either the IEF! flag or the ITEO (Interrupt Enable 0) bit in ITC are reset to 0. 
Note that after RESET the state is as follows. — 

(1) IEF1 is 0, so INTO is masked. 
(2) ITEO is 1, so INTO is enabled by execution of the EI (Enable Interrupts) instruc- 
tion. 

The INTO interrupt is unique in that three programmable interrupt response 
modes are available — Mode 0, Mode 1 and Mode 2. The specific mode is selected 
with the IMO, IMI and IM2 (Set Interrupt Mode) instructions. During RESET, the 
HD64180 is initialized to use Mode 0 for INTO. 

The three interrupt response modes for INTO are... 

(1) Mode 0 — Instruction fetch from data bus. 
(2) Mode | — Restart at logical address 38H. 
(3) Mode 2 — Low byte vector table address fetch from data bus. 


O INTO Mode 0 

During the interrupt acknowledge cycle, an instruction is fetched from the data 
bus (D0-D7). Often, this instruction is one of the eight single byte RST (RE- 
START) instructions which stack the PC and restart execution at a fixed logical ad- 
dress. However, multibyte instructions can be processed if the interrupt acknowledg- 
ing device can provide a multibyte response. Unlike all other interrupts, the PC is 
not automatically stacked. 

Note that TRAP interrupt will occur if an invalid instruction is fetched during 
Mode 0 interrupt acknowledge. 
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Fig. 2.7.5 shows INTO Mode 0 Timing. 


Lest MC INTO acknowledge Cycle RST instruction execution 
PC push on stack 


72 3 ¥t ¥2 Tw Tw TS Ti Ti YI 2 FB WH T2 


p 
INTO: ~ jo 


A0-A18 are: ey Oe SP-2 


10E \ / 
RST instruction 


D0-07 ( ( PcH {Pet 
MC: Machine Cycle. 
Figure 2.7.5 INTO Mode O Timing 
(RST Instruction on the Data Bus) 


© INTO Mode 1 

When INTO* is received, the PC is stacked and instruction execution restarts at 
logical address 38H. Both IEF and IEF2 flags are reset to 0, disabling all maskable 
interrupts. The interrupt service routine should normally terminate with the EI 
(Enable Interrupts) instruction followed by the RETI (Return from Interrupt) in- 
struction, so that the interrupts are reenabled. Fig. 2.7.6 shows the use of INTO (Mode 
1) and RETI. 

Fig. 2.7.7 shows INTO interrupt Mode | timing. 
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O -IEFT,2 
PCH -(SP-1) 
PCL + (SP- 2) 


INTO( Mode 1) 
Interrupt manipulation 
program | 


PC(=-(SP) 


H=-(SP+1 
eteen one EL (19 HEF S.2) 


RET! 
Figure 2.7.6 INTO Mode 1 Interrupt Sequence 


Last MC 


INTO acknowledge cycle Op-Code Fetch 


PC push on stack 


TS Ti 12 Twe Tw TS TH T2 3 TH 2 3 YT! 2 T3 


Figure 2.7.7 INTO Mode 1 Timing 
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© INTO Mode 2 

This method determines the restart address by reading the contents of a table 
residing in memory. The table consists of up to 128 two-byte restart addresses 
stored in low byte, high byte order. 

The table address is located on 256 bytes boundaries in the 64k bytes logical ad- 
dress space aS programmed in the 8-bit I (Interrupt Vector) register. Fig. 2.7.8 
shows the Vector table. 

Next, the PC is stacked. Finally, the 16-bit restart address ts fetched from the 
table and execution commences at that address. 

Note that external vector acquisition is indicated by LIR* and IOE* both LOW. 
Two wait states are automatically inserted for external vector fetch cycles. 

During RESET the I register ts initialized to 0 and, if necessary, should be set to a 
different value prior to the occurrence of a Mode 2 INTO interrupt. Fig. 2.7.9 shows 
INTO interrupt Mode 2 Timing. . 


Memory 


16 bit Vector 


——— 
| | Register 8-bit on 
Data Bus 


High-order 8 bits 


Vector + | of starting address 


6 Bytes 
Yect Low-order 8 bits Z96-By 
cree of starting address Vector 
Table 


Offset 


Figure 2.7.8 INTO Mode 2 Vector Acquisition 
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Op-code 


INTO acknowledge cycle fetch cycle 


Last MC 


Vector lower 
address read 


PC push on stack Interrupt manipulation cycle 


¥3 Ti 'T2 Tw Tw TS Vi TH T2 YH Tt 72 13 VI V2 TZ VE V2 3 V1 2 3 


Gterting Address 


ao-A8 Xe Xe XX ere NK oecert X 

Ne ed a 
10E ee ne e 
aaa 2 a 


Starting address Starting adéress 
Lower vector Cleower addrrss) (upper address) 


a CO C ren >< ea > >< 
> TN ea a 


Figure 2.7.9 INTO Mode 2 Timing 


INT1, INT2 

The operation of external interrupts INT! and INT2 is a v2ctor mode similar to 
INTO Mode 2. The difference is that INT1 and INT2 generate the low-order byte of 
vector table address using the IL (Interrupt Vector Low) register rather than fetching it 
from the data bus. This is also the interop response sequence used for all internal in- 
terrupts (except TRAP). 

As shown in Fig. 2.7.10 the low-order byte of vector table address is comprised of 
the most significant three bits of the software programmable IL register while the least 
significant five bits are a unique fixed value for each interrupt (INT1, INT2 and inter- 
nal) source. 

INT1* and INT2* are globally masked by IEFl = 0. Each is also individually 
maskable by respectively clearing the ITE] and ITE2 (bits 1, 2) of the ITC register 
to 0. 

During RESET, IEF1, ITE1 and ITE2 bits are reset = 0. 


INTERNAL INTERRUPTS 
Internal interrupts (except TRAP) use the same vectored response mode as 


INT1 and INT2 (Fig. 2.7.10). Internai interrupts are globally masked by IEFIl = 
0. Individual internal interrupts are enabled/disabled by programming each in- 
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dividual I/O. (PRT, DMAC, CSI/O, ASCI) control register. The lower vector of INT 
and internal interrupt are summarized in Table 2.7.2. 


Memory 


16-bit Vector 
tooo eV 
Ro ere 
High-erder B bit | 
Vector +i of sterting eddress | 


32 Bytes 


tow-order & ott 
Vector of sterting sddress 


r | 


Figure 2.7.10 INT1, INT2 and Internal Interrupts Vector Acquisition 


Table 2.7.2 Interrupt Source and Lower Vector 


IL Fixed Code 


Interrupt Priorit 
Highest ee Soe 

Sana Rana a 
neal 
ea 

eee ee 

a 
Eo 
ae 

Lowest 


* Programmable 


INTERRUPT ACKNOWLEDGE CYCLE TIMING 
Fig. 2.7.11 shows interrupt acknowledge cycie timing for internal interrupts, INT 1 


and INT2. 


46 HITACHI 


4¥ tHOVLIH 


Last MC INT1, INT2, Internal Interrupt Acknowledge Cycie 
Op-code 
fetch cycle 


PC Stacking 


| 
Ts 2 2 3 : : : &. 4 : 
ee es di ed ah a as tea et les itl ol eo Gee a (he ee 
| | | | artin ! 
| | | ee | 


INTO? Of | 3 
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Starting Address (L) Starting Address (H) 


MC: Machine Cycle. * Two wait state is automatically inserted. 


- 


q 


Figure 2.7.11 INT1, INT2 and Internal Interrupts Timing 


INTERRUPT SOURCES AND RESET 
| Register 

All bits reset to 0. 

Since | = 0 locates the vector tables starting at logical address 0, vectored inter- 
rupts (INTO Mode 2, INT1, INT2 and internal interrupts) will overlap with fixed re- 
start interrupts like RESET (0), NMI (66H), INTQ Mode | (38H) and RST (OOH - 
38H). The vector table(s) can be built elsewhere in memory and located on 256 
bytes boundaries by reprogramming I with the LD J, A instruction. 


iL Register 

Bits b7, b6 and bS are reset to 0. 

The IL register can be programmed to locate the vector table for INTI, INT2 
and internal interrupts on 32 bytes sub-boundaries within the 256 bytes area speci- 


fied by [. 


IEF1, lEF2 Flags 
Reset to 0. 
Interrupts other than NMI and TRAP are disabled. 


ITC Register 

ITEO set to 1. ITE], ITE2 reset to 0. 

INTO* can be enabled by the El instruction, which sets IEF] = 1. To enable 
INTI* and INT2* also requires that the ITE] and ITE2 bits be respectively set = | 
by writing to ITC. 


1/O Control Registers 

Interrupt enable bits reset to 0. 

All HD64180 on-chip I/O (PRT, DMAC, CSI/O, ASCI) interrupts are disabled 
and can be individually enabled by writing to each I/O control register interrupt ena- 
ble bit. 


2.8 Dynamic RAM Refresh Control 


The H1D64180 incorporates a dynamic RAM refresh control circuit including 8 
bit refresh address generation and programmable refresh timing. This circuit gener- 
ates asynchronous refresh cycles inserted at the programmable interval independent 
of CPU program execution. For systems which don’t use dynamic RAM, the re- 
fresh function can be disabled. 

When the internal refresh controller determines that a refresh cycle should oc- 
cur, the current instruction is interrupted at the first breakpoint between machine 
cycles. The refresh cycle is inserted by placing the refresh address on AO-A7 and the 
REF* output is driven LOW. 

Refresh cycles may be programmed to be either two or three clock cycles in 
duration by programming the REFW (Refresh Wait) bit in RCR (Refresh Control 
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Register). Note that the external WAIT* input and the internal wait state generator 
are not effective during refresh. 


Fig. 2.8.1 shows the timing of a refresh cycle with a refresh wait (Trw) ¢ycle. 


MC: Refresh Cycle Mois) 
Tr! TIrw* Tr2 


Refresh signal ee eee 


Cinternel signe!) 


Refresh address AQ - AT 


REF eae Saran mene? ies Ca Ae 


NOTE: ° Uf three refresh cycles are specified, Trw is inserted. 
Otherwise, Trw ts not inserted. 


MC: Machine Cycle 


Figure 2.8.1 Refresh Timing 


Refresh Control Register (RCR) 


RCR specifies the interval and length of refresh cycles, as well as enabling or 
disabling the refresh function. 


Refresh Control Register (RCR: I/O Address = 36H) 


bit 7 6 5 


4 3 2 1 0 
R'/W 


R/W R/W RAW 


© REFE: Refresh Enable (bit 7) 
REFE = 0 disables the refresh controller while REFE = | enables refresh cycle 
insertion. REFE is set = 1 during RESET. 


O REFW: Refresh Wait (bit 6) 

REFW = 0 causes the refresh cycle to be two clocks in duration. REFW = 1 
causes the refresh cycle to be three clocks in duration by adding a refresh wait cycle 
(Trw). REFW is set = 1 during RESET. 


O CYC, 0: Cycle interval (bit 1, 0} 
CYC1 and CYCO specify the interval (in clock cycles) between refresh cycles. 
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in the case of dynamic RAMs requiring 128 refresh cycles every 2 ms (or 256 
cycles every 4 ms), the required refresh interval is less than or equal to 15.625 ps. 
Thus, the underlined values indicate the best refresh interval depending on CPU clock 
frequency. CYCO and CYCI are cleared = 0 during RESET. 


Table 2.8.1 Refresh Intervai 


Time interval 
1 CYCI } CYCO} Insertion cat a 
interval i—p: 6 MHz ‘ 


1.66 us 


0 {| 10 states. 
1 20 states 3.3" gs 


0 40 states 6.6 ys 


1 80 states 10.0 ywsj 13.3 us 


REFRESH CONTROL AND RESET 
After RESET, based on the initialized value of RCR, refresh cycles will occur with 
an interval of 10 clock cycles and be 3 clock cycles in duration. 


DYNAMIC RAM REFRESH OPERATION NOTES 

(1) Refresh cycle insertion is stopped when the CPU is in the following states. 
(a) During RESET 
(b) When the bus is released in response to BUSREQ* 

(c) During SLEEP mode 
(d) During WAIT states 

(2) Refresh cycles are suppressed when the bus is released in response to 
BUSREQ*. However, the refresh timer continues to operate. Thus, the time at 
which the first refresh cycle occurs after the HD64180 re-acquires the bus de- 
pends on the refresh timer, and has no timing relationship with the bus ex- 
change. 

(3) Refresh cycles are suppressed during SLEEP mode. If a refresh cycle is re- 
quested during SLEEP mode, the refresh cycle request is internally ‘latched’ 
(until replaced with the next refresh request). The ‘latched’ refresh cycle is in- 
serted at the end of the first machine cycle after SLEEP mode is exited. After 
this initial cycle, the time at which the next refresh cycle will occur depending on 
the refresh time, and has no timing relationship with the exit from SLEEP mode. 

(4) Regarding (2) and (3), the refresh address is incremented by 1 for each success- 
ful refresh cycle, not for each refresh request. Thus, independent of the number 
of ‘missed’ refresh requests, each refresh bus cycle will use a refresh address in- 
cremented by 1 from that of the previous refresh bus cycles. 
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2.9 DMA Controller (OMAC) 


The 11164180 contains a two channel DMA (Direct Memory Access) controller 
which supports high speed data transfer. Both channels (channel 0 and channel 1) 
have the following capabilities. 


Memory Address Space 

Memory source and destination addresses can be directly specified anywhere 
within the 512k bytes physical address space using 19-bit source and destination 
memory addresses. In addition, memory transfers can arbitrarily cross 64k bytes 
physical address boundaries without CPU intervention. 


I/O Address Space 
I/O source and destination addresses can be directly specified anywhere within 
the 64k bytes I/O address space (16-bit source and destination I/O addresses). 


Transfer Length 
Up to 64k bytes can be transferred based on a 16-bit byte count register. 


DREQ¢* Input 
Level and edge sense DREQ* input detection are selectable. 


TEND* Output eae 
Used to indicate DMA completion to external devices. 


Transfer Rate 

Each byte transfer can occur every six clock cycles. Wait states can be inserted 
in DMA cycles for slow memory or I/O devices. At the system clock (¢) = 6 
MHz, the DMA transfer rate is as high as 1.0 megabytes/second (no wait states). 

Additional feature disc for DMA interrupt request by DMA END. 

Each channel has additional specific capabilities. 


Channel 0 

Memory <——> memory, memory <—-—> I/O, memory <—~> memory map- 
ped I/O transfers 

Memory address increment, decrement, no-change 

Burst or cycle steal memory <——> memory transfers 

DMA to and from both ASCI channels 

Higher priority than DMAC channel 1 


OOOO: © 


Channel 1 
© Memory <—~> I/O transfer 
© Memory address increment, decrement 


DMAC Registers 
Each channel of the DMAC (channel 0, 1) has three registers specifically associ- 
ated with that channel. 
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SARO  -— Source Address Register 
DARO — Destination Address Register 
BCRO — Byte Count Register 


Channel | 
MARI — Memory Address Register 
IARI — I/O Address Register 


BCR] Byte Count Register 


The two channels share three additional registers in common. 
DSTAT — DMA Status Register 
DMODE — DMA Mode Register 
DCNTL — DMA Control Register 

Fig. 2.9.1 shows the 11D64180 DMAC Block Diagram. 


< Internal Address/ Data Bus e 
i { 


DMA Sources Address | 
Register chO SARO (19) | _ | Register DSEAP OS) Priority &| - DREQ, 
DMA llestination Addrese DMA Hode | Request | 
Register chO DARO (19) | Control | + DREQ, 
CMA Byte Count DMA/¥AIT Control 
| Register ch0O BCRUC(1 5) Register DCNTL(8 
DMA Hewory Address | _ 
Register chi MARI (19) 
| DHA I/O Address 
Register chl IARI (16) Bus & CPU 


| OMA Status 


DMA Byte Count DMA Control Control 
Register ch1 BCR! (16)} 


TL, Tenpo 
TEND! 
Incrementer/Decrementer (19) nterrupt Request 


Figure 2.9.1 DMAC Block Diagram 


DMAC REGISTER DESCRIPTION 


Channel O Source Address Register (SARO: 1/O Address = 20H to 22H) 

Specifies the physical source address for channel 0 transfers. The register contains 
19 bits and may specify up to 512k bytes memory addresses or up to 64k bytes I/O ad- 
dresses. Channel 0 source can be memory, I/O or memory mapped I/O. 
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Channel 0 Destination Address Register (DARO: I/O Address = 23H to 25H) 
Specifies the physical destination address for channel 0 transfers. The register con- 

tains 19 bits and may specify up to 512k bytes memory addresses or up to 64k bytes I/O 

addresses. Channel 0 destination can be memory, I/O or memory mapped I/O. 


Channel 0 Byte Count Register (BCRO: 1/O Address = 26H to 27H) 

Specifies the number of bytes to be transferred. This register contains 16 bits and 
may specify up to 64k bytes transfers. When one byte is transferred, the register is de- 
cremented by one. If ‘‘n’’ bytes should be transferred, ‘‘n’> must be stored before the 
DMA operation. 


Channel 1 Memory Address Register (MAR1: 1/O Address = 28H to 2AH}) 
Specifies the physical memory address for channel | transfers. This may be de- 

stination or source memory address. 

This register contains 19 bits and may specify up to 512k bytes memory addresses. 


Channel 1 1/O Address Register (JAR1: I/O Address = 2BH to 2CH) . 

Specifies the I/O address for channel 1 transfers. This may be destination | or 
source I/O address. This register contains 16 bits and may specify up to 64k bytes I/O 
addresses. 


Channel 1 Byte Count Register (BCR1: 1/O Address = 2EH to 2FH) ; 

Specifies the number of bytes to be transferred. This register contains 16 bits 
and may specify up to 64k bytes transfers. When one byte is transferred, the register is 
decremented by one. 


DMA Status Register (DSTAT) 

DSTAT is used to enable and disable DMA transfer and DMA termination in- 
terrupts. DSTAT also allows determining the status of a DMA transfer i.e. com- 
pleted or in progress. 


DMA Status Register (DSTAT : I/O Address = 30H) 


R/W RAW Ww | Ww R/W RAW R 


© DE1: DMA Enable Channel 1 (bit 7) 

When DEI = |! and DME = 1], channel | DMA is enabled. When a DMA 
transfer terminates (BCR1 = 0), DEI is reset to 0 by the DMAC. When DE! = 0 
and the DMA interrupt is enabled (DIE] = 1), a DMA interrupt request is made 
to the CPU. 

To perform a software write to DEI, DWE]1* should be written with 0 during 


HITACHI 53 


the same register write access. Writing DE] = 0 disabies channel | DMA, but 
DMA is restartable. Writing DE! = I enables channel 1 DMA and automatically 
seis DME (DMA Main Enable) = 1. DEI is cleared = 6 during RESET. 


© DEO: DMA Enable Channel 0 (bit 6) 

When DEO = i and DME = 1, channel 0 DMA is enabled. When a DMA 
transfer terminates (BCRO = 0), DEO is reset to 0 by the DMAC. When DEO = 0 
and the DMA interrupt is enabled (DIEO.= 1), a DMA interrupt request is made 
to the CPU. 

To perform a software write to DEO, DWEO0* should be written with 0 during 
the same register write access. Writing DEO = 0 disables channel 0 DMA. Writing 
DEO = | enables channel 0 DMA and automatically sets DME (DMA Main Ena- 
ble) = 1. DEO is cleared = 0 during RESET. 


OQ DWE1:>: DE1 Bit Write Enable (bit 5) 

When performing any software write to DE1, DWEI* should be written with 0 
during the same access. DWEI* write value of 0 is not held and DWE]* is always 
read as |. 


© DWEO:: DEO Bit Write Enable (bit 4) 

When performing any software write to DEO, DWE0* should be written with 0 
during the same access. DWE0* write value of 0 is not held and DWEO* is always 
read as I. 


© DIE1: DMA Interrupt Enable Channel 1 (bit 3) 

When DIEI is set = 1, the termination of channel | DMA transfer (indicated 
when DE] = 0) causes a CPU interrupt request to be generated. When DIE! = 0, 
the channel | DMA termination interrupt is disabled. DIEI is cleared = 0 during 
RESET. 


© DIEO: DMA Interrupt Enable Channel 0 (bit 2) 

When DIEO is set = 1, the termination channel 0 of DMA transfer (indicated 
when DEO = 0) causes a CPU interrupt request to be generated. When DIEO = 0, 
the channel 0 DMA termination interrupt is disabled. DIEO is cleared = 0 during 
RESET. 


© DME: DMA Main Enable (bit 0) 

A DMA operation is only enabled when its DE bit (DEO for channel 0, DE1 for 
channel 1) and the DME bit are set = 1. 

When NMI occurs, DME is reset = 0, thus disabling DMA activity during the 
NMI interrupt service routine. To restart DMA, DEO and/or DEI should be writ- 
ten with 1 (even if the contents are already 1). This automatically sets DME = 1, 
allowing DMA operations to continue. Note that DME cannot be directly written. It 
is cleared = 0 by NMI or indirectly set = 1! by setting DEO and/or DEI = 1. DME is 
cleared = 0 during RESET. 
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DMA Mode Register (DMODE) 
DMODE is used to set the addressing and transfer mode for channel 0. 


DMA Mode Register (DMODE : I/O Address = 31H) 


it 7 6 5 4 3 2 1 0] 
Le ts tte DMO a oe 


R/W R/W R/W R/W R/W 


© DM1, DMO: Destination Mode Channel 0 (bits 5-4) 
Specifies whether the destination for channel 0 transfers is memory, I/O or 


memory mapped I/O and the corresponding address modifier. DMI and DMO are 
cleared = 0 during RESET. 


Table 2.9.1 Destination 


Memory/ 1/70 “Address 7 ~ 


sf ee eae! 7 Increment /Decremen 
0 Memory +] 
1 Memory -] 
0 Memory fixed 


1 1/0 fixed 


© SM1, SMO: Source Mode Channel O (bits 3-2) 


Specifies whether the source for channel 0 transfers is memory, I/O or memory 


mapped [/O and the corresponding address modifier. SM1 and SMO are cleared = 0 
during RESET. 


Table 2.9.2 Source 
Memory/ 1/0 Address 
Increment /Decremen 


Memory 


Memory 


Memory 


1/0 


Table 2.9.3 shows all DMA transfer mode combinations of DM0, DM1, SMO, 


SM1. Since 1/0 <—~> I/O transfers are not implemented, twelve combinations are 
available. 
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Table 2.9.3 Combination of Transfer Mode 


DMI DMO SMI SMO Transfer Mode Address 


Increment /Decrement 

0 0 0 Memory —e Memory SAR+I1, DAR+1 

0 I Memory —= Memory SAR-1, DAR+1 

l 0 Memory mapped I1/0—-Memory SAR fixed, DAR+] 

1 ! t/O —= Memory 7 SAR fixed, DAR+1 

fy) n Memory —e Memory SAR+1, DAR-1 

I Memory — Memory SAR-1, DAR-1 

I 9) Memory mapped I[/0——Memory SAR fixed, DAR-] 

! 1 1/0 —= Memory SAR fixed, DAR-1 

0 0 Memory—=Memory mapped 1/0 SAR+1, DAR fixed 

9) l Memory —~Memory mapped 1/0 SAR-I, DAR fixed 

| 0 | reserved 

1 I reserved 

0 a) Memory —= 1/0 SAR+1, DAR fixed 

9) I Memory —e 1/0 SAR-1, DAR fixed 

l 9) reserved 

l l reserved 


© MMOD: Memory Mode Channel 0 (bit 0) 

When channel 0 is configured for memory <——> memory transfers, the exter- 
nal DREQO* input is not used to control the transfer timing. Instead, two automatic 
transfer timing modes are selectable — burst (MMOD = 1) and cycle steal 
(MMOD = 0). For burst memory <—> memory transfers, the DMAC will sieze 
control of the bus continuously until the DMA transfer completes (as shown by the 
byte count register = 0). In cycle steal mode, the CPU is given a cycle for each 
DMA byte transfer cycle until the transfer is completed. 

For channel 0 DMA with I/O source or destination, the DREQO* input times 
the transfer and thus MMOD is ignored. MMOD is cleared = 0 during RESET. 


DMA/WAIT Control Register (DCNTL) 

DCNTL controls the insertion of wait states into DMAC (and CPU) accesses of 
memory or I/O. Also, the DMA request mode for each DREQ* (DREQO* and 
DREQI*) input is defined as level or edge sense. DCNTL also sets the DMA trans- 
fer mode for channel 1, which is limited to memory <——> I/O transfers. 
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DMA/WAIT Control Register (DCNTL : I/O Address = 32H) 
b 


it 7 6 5 4 3 2 1 0 
ane eee IWil = DMS 1 a ee 
R/W R/W R/W R/W R/W R/W R/W R/W 


OQ MWI1, MWIO0: Memory Wait Insertion (bits 7-6) 

Specifies the number of wait states introduced into CPU or DMAC memory ac- 
cess cycles. MWIT and MWIO are set = | during RESET. See section of Wait State 
Control for details. 


O IWI1, IWI0: /O Wait Insertion (bits 5-4) 

Specifies the number of wait states introduced into CPU or DMAC I/O access 
cycles. IWI1 and [W10 are set = | during RESET. See section of Wait State Control for 
details. 


© DMS1, DMSO: DMA Reauest Sense (bits 3-2) 

DMS1 and DMSO specify the DMA request sense for channel 0 (DREQO*) and 
channel 1 (DREQI*) respectively. When reset to 0, the input is level sense and 
when set to | the input ts edge sense. DMSI and DMSO are cleared = 0 during 
RESET. 


© DIM1, DIMO: DMA Channel 1 1/O and Memory Mode (bits 1-0) 


Specifies the source/destination and address modifier for channel | memory 
<—-> I/O transfer modes. IMI and IMO are cleared = 0 during RESET. 


Table 2.9.4 Channel 1 Transfer Mode 


Address 
| Increment /Decrement 
Memory —-1/0 MAR+1, IAR fixed 


Transfer Mode 


Memory —-1/0 MAR-1, LAR fixed 
1/0 — Memory IAR fixed, MAR+1 


1/0 —= Memory | IAR fixed, MAR-l 


DMA OPERATION 

This section discusses the three DMA operation modes for channel 0, memory 
<—> memory, memory <—~> I/O and memory <—~> memory mapped I/O. 
In addition, the operation of channel 0 DMA with the on-chip ASCI (Asynchronous 
Serial Communication Interface) as well as Channel 1 DMA are described. 
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Memory <—-> Memory — Channel 0 

For memory <—-> memory transfers, the external DREQO* input is not used 
for DMA transfer timing. Rather, the DMA operation is timed in one of two pro- 
grammable modes — burst or cycle steal. In both modes, the DMA operation will 
automatically proceed until termination as shown by byte count (BCRO) = 0. 

In burst mode, the DMA operation will proceed until termination. In this case, 
the CPU cannot perform any program execution until the DMA operation is com- 
pleted. 

In cycle steal mode, the DMA and CPU operation are alternated after each 
DMA byte transfer until the DMA is completed. The sequence ... 


p E CPU Machine Cycle ~ 
“DMA Byte Transfer 


... iS repeated until DMA is completed. Fig. 2.9.2 shows cycle steal mode DMA tim- 
ing. 
Previous CPu cycle DPA cycle (transfer I byte) CPU cycle DMA cycle 


OMA cycle 


9 32 43 Ye V2 TZ VE V2 YS WS F2 3 TH F2 


e JUUUUUUUU UU UU 


tpg m Source Dest tration tOg,m 
Op-Code adéross Merrory adéress Meswry Address Oper ad adérets 


we ee 
Ce GOR ee as OR SS ak 
BE | NN 
a 


LD 9m Read data Write data m 


Figure 2.9.2 Cycle Steal Mode 


To initiate memory <—-> memory DMA for channel 0, perform the following 

operations. 

(1) Load the memory source and destination addresses into SARO and DARO. 

(2) Specify memory <——> memory mode and address increment/decrement in the 
SMO, SM1, DMO and DMI bits of DMODE. 

(3) Load the number of bytes to transfer in BCRO. 

(4) Specify burst or cycle steal mode in the MMOD bit of DCNTL. 

(5) Program DEO = | (with DWEO* = 0 in the same access) in DSTAT and the 
DMA operation will start | machine cycle later. If interrupt occurs at the same 
time, the DIEO bit should be set = 1. 


Memory <——~> I/O (Memory Mapped 1/O) — Channel 0 

For memory <—~> I/O (and memory <—> memory mapped I/O) the 
DREQO+ input is used to time the DMA transfers. In addition, the TENDO* (Trans- 
fer End) output is used to indicate the last (byte count register, BCRO = 0) trans- 
fer. 


58 HITACHI 


The DREQO* input can be programmed as level or edge sensitive. 

When level sense is programmed, the DMA operation begins when DREQO* ts 
sampled LOW. If DREQO* is sampled HIGH, after the next DMA byte transfer, con- 
trol is relinquished to the 11D64180 CPU. As shown in Fig. 2.9.3. DREQO+ is sampled 
at the rising edge of the clock cycle prior to T3 i.e. either T2 or Tw. 


DMA Write Cycle | CPU Machine Cycle | DMA Read Cycle DMA Write Cycle (I/O) 


Tw 73 Th j%2 %T TH %12 %T TI T2 Tw Tw 73 Ti T2 


Tw 
> JSLUUUUUUU UU UU LU LU LU L$ 
aa iP \" 
** DREQO is sampled at |. 


Figure 2.9.3 CPU Operation and DMA Operation 
(DREQO is programmed for level sense) 


When edge sense is programmed, DMA operation begins at the falling edge of 
DREQO*. If another falling edge is detected before the rising edge of the clock prior 
to T3 during write cycle (i.e. T2 or Tw), the DMAC continues operating. If an edge 
is not detected, the CPU is given control after the current byte DMA transfer com- 
pletes. The CPU will continue operating until a DREQO* falling edge is detected be- 
fore the rising edge of the clock prior to T3 at which time the DMA operation will 
(re)start. Fig. 2.9.4 shows the edge sense DMA timing. 


OBA Write Cycle CPU Machine DMA Read DMA Write Cycle #, CPU Mochine 
Cycle Cycle Cycle 
Ty %S ‘T# T2 TT WH 12 TT WH T2 tw TS WH V2 3 

° bop 
DREQO aon = 


**DREQO is sampled at |. 


Figure 2.9.4 CPU Operation and DMA Operation 
(DREQO is programmed for edge sense) 


During the transfers for channel 0, the TEND0* output will go LOW synchronous 
with the write cycle of the last (BCRO = 0) DMA transfer as shown in Fig. 2.9.5. 
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Last DMA Cycle (BCRO*- 0) 


TEND. \ / 


Figure 2.9.5 TENDO Output Timing 


The DREQO* and TENDO* pins are programmably multiplexed with the CKAO 
and CKAI ASCI clock input/outputs. However, when DMA channel 0 is programmed 
for memory <—~> I/O (and memory <—> memory mapped I/O) transfers, the 
CKA0/DREQ0*+ pin automatically functions as input pin even if it has been program- 
med as output pin for CKAO. And the CKAI/TEND0+* pin functions as output pin for. 
TEND0Os« by setting CKAID = 1 in CNTLAI. 

To initiate memory <—~> I/O (and memory <—> memory mapped 1/O) 
DMA transfer for channel 0, perform the following operations. 

(1) Load the memory and I/O or memory mapped I/O source and destination ad- 
dresses into SARO and DARO. Note that I/O addresses (not memory mapped I/ 
O) are limited to 16 bits (AO-A15). Make sure that bits A16, and Al7 are 0 
(A18 is a don't care) to correctly enable the external DREQOs input. 

(2) Specify memory <——> I/O or memory <—~> memory mapped I/O mode and 
address increment/decrement in the SMO, SMI, DMO and DM1 bits of 
DMODE. 

(3) Load the number of bytes to transfer in BCRO. 

(4) Specify whether DREQO* is edge or level sense by programming the DMSO bit 
of DCNTL. 

(S) Enable or disable DMA termination interrupt with the DIEO bit in DSTAT. 

(6) Program DEO = | (with DWEO* = 0 in the same access) in DSTAT and the 
DMA operation will begin under the control of the DREQO* input. 


Memory <—~> ASCI — Channel 0 

Channel 0 has extra capability to support DMA transfer to and from the on-chip 
two channel ASCI. In this case tne external DREQO* input is not used for DMA 
timing. Rather, the ASCI status bits are used to generate an internal DREQO*. The 
TDRE (Transmit Data Register Empty) bit and the RDRF (Receive Data Register 
Full) bit are used to generate an internal DREQO* for ASCI transmission and recep- 
tion respectively. 

To initiate memory <——> ASCI DMA transfer, perform the following opera- 
tions. 
(1) Load the source and destination addresses into SARO and DARO. Specify the I/ 

O (ASC) address as follows. 
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Bits AO-A7 should be contain the address of the ASCI channel transmitter or 
receiver (I/O addresses 6H-9H). 

Bits A8-AI5 should equal 0. 

Bits AI7-A16 should be set according to the following table to enable use of the 
appropriate ASCI status bit as an internal DMA request. 


Table 2.9.5 DMA Request 


SARI8 SARI? SARI6 


DMA Transfer Request 


RDRF (ASCI channel 0) 
RDRF (ASCI channel 1) 


reserved 


DMA Transfer Request 


DREQO 


TDRE (ASCI channel 0) 


TDRE (ASCI channel 1) 


reserved 


X: Don't care 


(2) Specify memory <——> I/O transfer mode and address increment/decrement in 
the SMO, SM1, DMO and DMI bits of DMODE. 

(3) Load the number of bytes to transfer in BCRO. 

(4) The DMA request sense mode (DMSO bit in DCNTL) MUST be specified as 
‘edge sense’. 

(5) Enable or disable DMA termination interrupt with the DIEO bit in DSTAT. 

(6) Program DEO = 1 (with DWEQ0* == 0 in the same access) in DSTAT and the 
DMA operation with the ASCI will begin under control of the ASCI generated 
internal DMA request. 

The ASCI receiver or transmitter being used for DMA must be initialized to 
allow the first DMA transfer to begin. 

The ASCI receiver rust be ‘empty’ as shown by RDRF = 0. 

The ASCI transmitter must be ‘full’ as shown by TDRE = 0. Thus, the first 
byte should be written to the ASCI Transmit Data Register under program control. 

The remaining bytes will be transferred using DMA. 


Channel 1 DMA 

DMAC Channel 1 can perform memory <——> I/O transfers. Except for dif- 
ferent registers and status/control bits, operation is exactly the same as described for 
channel 0 memory <—> I/O DMA. 
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To initiate DMA channel | memory <—~> I/O operation perform the follow- 

ing operations. 

(1) Load the memory address (19 bits) into MARI. 

(2) Load the I/O address (16 bits) into IAR1. 

(3) Program the source/destination and address increment/decrement mode using 
the DIMI and DIMO bits in DCNTL. 

(4) Specify whether DREQ!]* is level or edge sense in the DMSI bit in DCNTL. 

(5) Enable or disable DMA termination interrupt with the DIEI bit in DSTAT. 

(6) Program DEI = 1 (with DWEI* = 0 in the same access) in DSTAT and the 
DMA operation with the external I/O device will begin using the external 
DREQI* input and TEND 1* output. 


DMA BUS TIMING 

When memory (and memory mapped I/O) is specified as a source or destina- 
tion, ME* goes LOW during the memory access. When I/O is specified as a source 
or destination, IOE* goes LOW during the I/O access. 

When I/O (and memory mapped I/O) is specified as a source or destination, the 
DMA timing is controlled by the external DREQ* input and the TEND* output in- 
dicates DMA termination. Note that external I/O devices may not overlap addresses 
with internal I/O and control registers, even using DMA. 

For I/O accesses, | wait state is automatically inserted. Additional wait states can 
be inserted by programming the on-chip wait state generator or using the external 
WAIT* input. Note that for memory mapped I/O accesses, this automatic I/O wait 
state is not inserted. 

For memory to memory transfers (channel 0 only), the external DREQO* input 
is ignored. Automatic DMA timing is programmed as either burst or cycle steal. 

When a DMA memory address carry/borrow between bits Al5 and A16 of the 
address bus occurs (when crossing 64k bytes boundaries), the minimum bus cycle is 
extended to four clocks by automatic insertion of one internal Ti state. 


DMAC CHANNEL PRIORITY 

For simultaneous DREQ* requests, channel 0 has priority over channel 1. When 
channel 0 is performing a memory <—-> memory transfer, channel 1 cannot oper- 
ate until the channel 0 operation has terminated. If channel 1 is operating, channel 0 
cannot operate until channel | releases control of the bus. 


DMAC AND BUSREQ:, BUSACK: 

The BUSREQ* and BUSACK+* inputs allow another bus master to take control 
of the HD64180 bus. BUSREQ* and BUSACK* have priority over the on-chip 
DMAC and will suspend DMAC operation. The DMAC releases the bus to the ex- 
ternal bus master at the breakpoint of the DMAC memory or I/O access. Since a 
single byte DMAC transfer requires a read and a write cycle, it is possible for the 
DMAC to be suspended after the DMAC read, but before the DMAC write. Even 
in this case, when the external master releases the HD64180 bus (BUSREQ* 
HIGH), the on-chip DMAC will correctly continue the suspended DMA operation. 
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DMAC INTERNAL INTERRUPTS 
Fig. 2.9.6 illustrates the internal DMA interrupt request generation circuit. 


1EF 1 


DE 1 DMA Interrupt 
DIE 1 Request 
DEQ oan DMAO Interrupt 
DIEO Request 


Figure 2.9.6 DMAC Interrupt Request Circuit Diagram 


DEO and DEI are automatically cleared = 0 by the HD64180 at the completion 
(byte count = 0) of a DMA operation for channel 0 and channel 1 respectively. 
They remain 0 until a 1 is written. Since DEO and DEI use level sense, an interrupt 
will occur if the CPU IEF] flag is set to 1. Therefore, the DMA termination inter- 
rupt service routine should disable further DMA interrupts (by programming the 
channel DIE bit = 0) before enabling CPU interrupts (i.e. IEFI is set = 1). After 
reloading the DMAC address and count registers, the DIE bit can be set = | to 
reenabie the channel interrupt, and at the same time DMA can resume by program- 
ming the channel DE bit = 1. 


DMAC AND NM! 

NMI, unlike all other interrupts, automatically disables DMAC operation by 
clearing the DME bit of DSTAT. Thus, the NMI interrupt service routine may res- 
pond to time critical events without delay due to DMAC bus usage. Also, 
NMI can be effectively used as a external DMA abort input, recognizing that both 
channels are suspended by the clearing of DME. 

If the falling edge of NMI occurs before the falling clock of the state prior to 
T3 (T2 or Tw), the DMAC will be suspended and the CPU will start the NMI re- 
sponse at the end of the current cycle. 

By setting a channels DE bit = 1, that channels operation can be restarted, and 
DMA will correctly resume from the point at which it was suspended by NMI. See 
Fig. 2.9.7 for details. 


HITACHI 63 


DMA Read Cycle DMA Write Cycle CPU Cyle 
Tt! 12 13 TI T2 ™m* | 


» LEP LLL La LS La i 


DME="0" (DMA Stop) 


Figure 2.9.7 NMi and DMA Operation 


DMAC AND RESET 

During RESET the bits in DSTAT, DMODE and DCNTL are initialized as stated 
in their individual register descriptions. Any DMA operation in progress 1s stopped 
allowing the CPU to use the bus to perform the RESET sequence. However, the ad- 
dress register (SARO, DARO, MARI, IAR1) and byte count register (BCRO, BCR1) 
contents are not changed during RESET. 


2.10 Asynchronous Serial Communication Interface (ASCI) 


The I1D64180 on-chip ASCI has two independent full duplex channels. Based 
on full programmability of the following functions, the ASCI can directly communi- 
cate with a wide variety of standard UARTs (Universal Asynchronous Receiver 
Transmitter) including the HD6350 CMOS ACIA and the Serial Communication In- 
terface (SCI) contained on the HD6301 series CMOS single chip controllers. 

The key functions for ASCI are shown below. Each channel is independently 
programmable. 
© Full duplex communication 
© 7- or 8-bit data length 
© Program controlled 9th data bit for multiprocessor communication 
O 1 or 2 stop bits 
© Odd, even, no parity 
© Parity, overrun, framing error detection 
© Programmable baud rate generator, /16 and /64 modes 

Speed to 38.4k bits per second (CPU fc = 6.144 MHz) 
© Modem control signals — Channel 0 has DCDO0*, CTS0* and RTSO* Channel 1 has 

CTSI* 
© Programmable interrupt condition enable and disable 
© Operation with on-chip DMAC 


ASCI BLOCK DIAGRAM 
Fig. 2.10.1 shows the ASCI Block Diagram. 
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Internal Address/Data Bus > 


Interrupt Request 


ranssit Data Register 


ch 1 TDRL 


ranssit Oata Register 


ch 0 TDRO 


THA Traneait Shift Register * Teansait Snift Register *| > TXAL 
Ruceive Data Register Receive Data Register | 
| ch 0 RDRO ch ls RDRL 
RX je Receive Shift Register * ASCI Receive Shift Register * '-2XA, 
ch 0 RSRO(8) 
Control Register A -_ Kontrol | | Kontrol Register A 
RTSe ch 0 cNTLAO(8)| | | ch 1 CNTLAL (8) 
CTS, antrol Register B Control Register 3 CTSi 
cn 9 CNTLBOC(8) ch Lt CNTLBL (8) 
OCD. Status Register | tatus Register 


ch 0  STATO(8} 


Cidg Baud Rate 
Generator 0 — 7? 


Cia, Baud Rate 


cal STATI (8) 


*Not program Accessible 


Generator ! 


Figure 2.10.1 ASCIi Block Diagram 


ASCi REGISTER DESCRIPTION 


Transmit Shift Register 0, 1 (TSRO, 1) 

When the Transmit Shift Register receives data from the Transmit Data Regis- 
ter (TDR) the data is shifted out to the TXA pin. When transmission is completed, 
the next byte (if available) is automatically loaded from TDR into TSR and the next 
transmission starts. If no data is available for transmission, TSR idles by outputting 2 
continuous HIGH level. This register is not program accessible. 


Transmit Data Register 0, 1 (TDRO, 1: 1/O Address = O6H, 07H} 

Data written to the Transmit Data Register is transferred to the TSR as soon as 
TSR is empty. Data can be written to while TSR is shifting out the previous byte of 
data. Thus, the ASCI transmitter is double bufferred. 


Receive Shift Register 0. 1 (RSRO, 1) 

This register receives data shifted in on the RXA pin. When full, data is auto- 
matically transferred to the Receive Data Register (RDR) if it is empty. If RSR is 
not empty when the next incoming data byte is shifted in, an overrun error occurs. 
This register is not program accessible. 
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Receive Data Register 0, 1 (RDRO, 1: 1/O Address = O&6H, 09H) 

When a complete incoming data byte is assembled in RSR, it is automatically 
transferred to the RDR if RDR is empty. The next incoming data byte can be 
shifted into RSR while RDR contains the previous received data byte. Thus, the 
ASCI receiver is double buffered. 


ASCI Status Register 0, 1 (STATO, 1) 

Each channel status register allows interrogation of ASCI communication, error 
and modem control signal status as well as enabling and disabling of ASCI inter- 
rupts. ° 


ASCI Status Register O (STATO : I/O Address = 04H) 


bit 7 5 = A 3 2 ] 0 
fy 
[ROR pOwRS | 
R R R R R/W R R RAW 
ASCI Status Register 1 (STAT1 : 1/O Address = O5H) 
bit 7 = / 
re ci 2 = 
None oues sie 
R R R R RSW RSW R RW 


© RODRF: Receive Data Register Full (bit 7) 

RDRF is set = 1 when an incoming data byte is loaded into RDR. Note that if 
a framing or parity error occurs, RDRF is still set and the receive data (which gen- 
erated the error) is still loaded into RDR. RDRF is cleared = 0 by reading RDR, 
when the DCD*+ input is HIGH, in IOSTOP mode and during RESET. 


© OVRN: Overrun Error (bit 6) 

OVRN is set = | when RDR is full and RSR becomes full. OVRN is cleared = 
0 when the EFR bit (Error Flag Reset) of CNTLA is written = 0, when DCD* is 
HIGH, in IOSTOP mode and during RESET. 


© PE: Parity Error (bit 5) 

PE is set = I when a parity error is detected on an incoming data byte and 
ASCI parity detection is enabled (the MOD1 bit of CNTLA set = 1). PE is cleared 
= 0 when the EFR bit (Error Flag Reset) of CNTLA is written = 0, when DCD* 
is HIGH, tn IOSTOP mode and during RESET. 


© FE: Framing Error (bit 4) 

If a receive data byte frame is delimited by an invalid stop bit (i.e. 0, should be 
1), FE is set = 1. FE is cleared = 0 when the EFR bit (Error Flag Reset) of CNTLA is 
written = 0, when DCD* is HIGH, in IOSTOP mode and during RESET. 
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O_ RIE: Receive Interrupt Enable (bit 3) 

RIE should be set = 1 to enable ASCI receive interrupt requests. When RIE = 
1, if any of the flags RDRF, OVRN, PE, FE become set = | an interrupt request is 
generated. For channel 0, an interrupt will also be generated by the transition of the 
external DCDO* input from LOW to HIGH. RIE is cleared = 0 during RESET. 


© DCDO:: Data Carrier Detect (bit 2 STATO) 

Channel 0 has an external DCD0* input pin. The DCDO* bit is set = 1 when the 
DCD0* input is HIGH. It is cleared = 0 on the first read of STATO following the 
DCD0+ input transition from HIGH to LOW and during RESET. When DCDO# = 
1, receiver unit is reset and receiver operation is inhibited. 


OQ CTS1E: Channel 1 CTS* Enable (bit 2 STAT1) 

Channel | has an external CTS1* input (pin 52) which is multiplexed with the 
receive data pin (RXS) for the CSI/O (Clocked Serial I/O Port). Setting CTSIE = 
1 selects the CTS1* function and clearing CTSIE = 0 selects the RXS function. 


O TDRE: Transmit Data Register Empty (bit 1) 

TDRE = | indicates that the TDR is empty and the next transmit data byte can 
be written to TDR. After the byte is written to TDR, TDRE is cleared = 0 until 
the ASCI transfers the byte from the TDR to the TSR, at which time TDRE is 
again set = 1. TDRE is set = 1 in IOSTOP mode and during RESET. When the exter- 
nal CTS* input is HIGH, TDRE is reset = 0. 


© TIE: Transmit Interrupt Enable (bit 0) 

TIE should be set = 1 to enable ASCI transmit interrupt requests. If TIE = 1, 
an interrupt will be requested when TDRE = 1. TIE is cleared = 0 during RESET. 
ASCI Control Register AO, 1 (CNTLAO, 1) 

Each ASCI channel Control Register A configures the major operating modes 


such as receiver/transmitter enable and disable, data format, and multiprocessor 
communication mode. 


ASCI Control Register A O (CNTLAO : I/O Address = OOH) 


bit 7 6 5 4 3 2 1 4) 
PBR : 
jee | xe | ve ave [eFd wove | woo: | won 
R/W /W RSW 


ASCI coe rit A ; ad /O eel eta ou 


ee 
TE {ICKAID —EFR MOD1 MODO 
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© MPE: Multi Processor Mode Enable (bit 7) 

The ASCI has a multiprocessor communication mode which utilizes an extra 
data bit for selective communication when a number of processors share a common 
serial bus. Multiprocessor data format is selected when the MP bit in CNTLB is set 
= ]. If multiprocessor mode is not selected (MP bit in CNTLB = 0), MPE has no 
effect. If multiprocessor mode is selected, MPE enables or disables the ‘wake-up’ 
feature as follows. If MPE is set = 1, only received bytes in which the MPB (multi- 
processor bit) is = 1 can affect the RDRF and error flags. Effectively, other bytes 
(with MPB = 0) are ‘ignored’ by the ASCI. If MPE is reset = 0, all bytes, regard- 
less of the state of the MPB data bit, affect the RDRF and error flags. MPE is 
cleared = 0 during RESET. 


© RE: Receiver Enable (bit 6) 

When RE is set = 1, the ASCI receiver is enabled. When RE is reset = 0, the 
receiver 1s disabled and any receive operation in progress is interrupted. However, 
the RDRF and error flags are not reset and the previous contents of RDRF and 
error flags are held. RE is cleared = 0 in IOSTOP mode and during RESET. 


© TE: Transmitter Enable (bit 5) 

When TE is set = 1, the ASCI transmitter is enabled. When TE is reset = 0, 
the transmitter is disabled and any transmit operation in progress is interrupted. 
However, the TDRE flag is not reset and the previous contents of TDRE are held. 
TE is cleared = 0 in IOSTOP mode and during RESET. 


O RTSO- — Request to Send Channel 0 (bit 4 in CNTLAO) 
When RTS0+ is reset = 0, the RTSO* output pin will go LOW. When RTSO* is set 
= |, the RTSO+ output immediately goes HIGH. RTSO+ is set = 1 during RESET. 


© CKA1D: CKA1 Clock Disable (bit 4 in CNTLA1) 

When CKAID is set = 1, the multiplexed CKAI/TENDO* pin (pin 50) is used 
for the TENDO+ function. When CKAID = 0, the pin is used as CKAI1, an exter- 
nal data clock input/output for channel 1. CKAID is cleared = 0 during RESET. 


© MPBR/EFR: Multiprocessor Bit Receive/Error Flag Reset (bit 3) 

When multiprocessor mode is enabled (MP in CNTLB = 1), MPBR, when 
read, contains the value of the MPB bit for the last receive operation. When written 
= 0, the EFR function is selected to reset all error flags (OVRN, FE and PE) to 0. 
MPBR/EFR is undefined during RESET. 


O MODz2, 1, 0: ASCI Data Format Mode 2, 1, 0 (bits 2-0) 
These bits program the ASCI data format as follows. 
MOD2 
= 0 — 7 bit data 
= | — 8 bit data 
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MOD! 

= 0 — No parity 

= 1 — Parity enabled 
MODO0O 

= 0.) — I stop bit 

= 1 — 2 stop bits 

The data formats available based on all combinations of MOD2, MODI and 

MOD0 are shown as follows. 


MON2 MOD1 MODO 

0 0 0 Start + 7 bit data + 1 stop 

9 0 1 Start + 7 bit data + 2 stop 

0 ! 0 Start + 7 bit data + parity + 1 stop 
0 | l Start + 7 bit data + parity + 2 stop 
1 0 0 Start + 8 bit data + 1 stop 

1 0 l Start + 8 bit data + 2 stop 

1 1 0 Start + 8 bit data + parity + 1 stop 
1 1 | Start + 8 bit data + parity + 2 stop 


ASCI Control Register BO, 1 (CNTLBO, 1) 
Each ASCI channel control register B configures multiprocessor mode, parity 
and baud rate selection. 


ASCI Control Register B O (CNTLBO : I/O Address = 02H) 
ASCI Control Register B 1 (CNTLB1 : I/O Address = O3H) 
bit 7 6 5 4 3 2 1 0) 
CTS 
MPBT MP ~“ PS| PEO DR SS2 sSi SSO 


R/W R/W R/W R/W R/W R/W R/W R/W 


© MPBT: Multiprocessor Bit Transmit (bit 7) 

When multiprocessor communication format is selected (MP bit = 1), MPBT is 
used to specify the MPB data bit for transmission. If MPBT = 1, then MPB = | is 
transmitted. If MPBT = 0, then MPB = 0 is transmitted. MPBT state is undefined 
during and after RESET. 


© MP: Multiprocessor Mode (bit 6) | 

When MP is set = 1, the data format is configured for multiprocessor mode 
based on the MOD2 (number of data bits) and MODO (number of stop bits) bits in 
CNTLA. The format is as follows. 


Start bit + 7 or 8 data bits + MPB bit + I or 2 stop bits 
Note that multiprocessor (MP = 1) format has no provision for parity. If MP 
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= 0, the data format is based on MODO, MODI and MOD2 and may include 
parity. The MP bit is cleared = 0 during RESET. 


© CTS+/PS: Clear to Send/Prescale (bit 5) 

When read, CTS*/PS reflects the state of the external CTS* input. If the CTS* 
input pin is HIGH, CTS+/PS will be read as 1. Note that when the CTS* input pin is 
HIGH, the TDRE bit is inhibited (i.e. held at 0). For channel 1, the CTS1* input ts 
multiplexed with R XS pin (Clocked Serial Receive Data). Thus, CTS*/PS is only valid 
when read if the channel 1 CTSIE bit = 1 and the CTSI* input pin function is 
selected. The read data of CTS+/PS is not affected by RESET. 

When written, CTS*/PS specifies the baud rate generator prescale factor. If 
CTS+/PS is set = 1, the system clock (qd) is prescaled by 30 while if CTS*/PS is 
cleared = 0, the system clock is prescaled by 10. CTS*/PS is cleared = 0 during RE- 
SET. 


O PEO: Parity Even Odd (bit 4) 

PEO selects even or odd parity. PEO does not affect the enabling/disabling of 
parity (MODI bit of CNTLA). If PEO is cleared = 0, even parity is selected. If 
PEO is set = 1, odd parity is selected. PEO is cleared = 0 during RESET. 


© DR: Divide Ratio (bit 3) 

DR specifies the divider used to obtain baud rate from the data sampling clock. 
If DR is reset = 0, divide by 16 is used while if DR is set = 1, divide by 64 is 
used. DR is cleared = 0 during RESET. 


O SS2, 1, 0: Source/Speed Select 2, 1, 0 (bits 2-0) 

Specify the data clock source (internal or external) and baud rate prescale factor. 
SS2, SSI, SSO are all set = 1 during RESET. Table 2.10.2 shows the divide ratio cor- 
responding to SS2, SS] and SSO. 


Table 2.10.1 Divide Ratio 
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The external ASCI channel 0 data clock pins are multiplexed with DMA control 
lines (CKA0/DREQO* and CKAI/TEND0*). During RESET, these pins are initialized 
as ASCI data clock inputs. If SS2, SSi and SSO are reprogrammed (any other value 
than SS2, SS1, SSO = 1) these pins become ASCI data clock outputs. However, if 
DMAC channel 0 is configured to perform memory <——> I/O (and memory mapped 
1/O) transfers the CK AO0/DREQO+ pin revert to DMA control signals regardless of SS2, 
551, SSO programming. Also, if the CKAID bit in the CNTLA register is set = 1, then 
the CKAI/TENDO* reverts to the DMA Control output function regardless of SS2, 
SSI and SSO programming. 

Final data clock rates are based on CTS*/PS (prescale), DR, SS2, SS1, SSO and 
the 11D64180 clock (®) frequency as shown in Table 2.10.2. 


Table 2.10.2 Baud Rate List 


pl Samplin Baud Rate _ } General |Baud Rate (Example) | CKA 
Uric (BPS) 


Bare 
feces Ratq $52,S5), SSq Dividd@ Ratio £=6. L440=4, 609?=3.074 LAN Clock 
| Ratio Ratio ' MHz MHz MHZz Fre- 
quency 


MODEM CONTROL SIGNALS 

ASCI channel 0 has CTSO*, DCDO* and RTSO* external modem control signais. 
ASCI channel ! has a CTS!* modem control signal which is multiplexed with R XS pin 
(Clocked Serial Receive Data). 
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CTSO-: Clear to Send 0 (input) 

The CTS0* input allows external control (start/stop) of ASCI channel 0 transmit 
operations. When CTSO* is HIGH, channel 0 TDRE bit is held at 0 regardless of 
whether the TDRO (Transmit Data Register) is full or empty. When CTSO* is 
LOW, TDRE will reflect the state of TDRO. Note that the actual transmit operation 
is not disabled by CTSO* HIGH, only TDRE is inhibited. 


DCDO:: Data Carrier Detect 0 finput) 

The DCD0 input allows external control (start/stop) of ASCI channel 0 receive 
operations. When DCDO* is HIGH, channel 0 RDRF bit is held at 0 regardless of 
whether the RDRO (Receive Data Register) is full or empty. The error flags (PE, 
FE and OVRN bits) are also held at 0. Even after the DCDO* input goes LOW, 
these bits will not resume normal operation until the status register (STATO) is 
read. Note that this first read of STATO, while enabling normal operation, will still 
indicate the DCDO* input is HIGH (DCDO* bit = 1) even though it has gone 
LOW. Thus, the STATO register should be read twice to insure the DCDO* bit is re- 
set = 0. 


RTSO-: Request to Send 0 (output) 

RTSO* allows the ASCI to control (start/stop) another communication devices 
transmission (for example, by connection to that devices CTS* input). RTSO* is es- 
sentially a 1 bit output port, having no side effects on other ASCI registers or flags. 


CTS1>: Clear to Send 1 {input} 

Channel | CTS1* input is multiplexed with the RXS pin (Clocked Serial Receive 
Data). The CTS1* function is selected when the CTSIE bit in STAT] is set = 1. When 
enabled, the CTS1* operation is equivalent to CTSO+. 

Modem control signal timing is shown in Fig. 2.10.2 (a) and Fig. 2.10.2 (b). 


DCDO Pin 


DCDOF leg 


Status Register 
Read 


Figure 2.10.2 (a) DCDO Timing 
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1/0 Instruction 
1/0 Write Cycle 


RTS Fleg 


RTSO pin X 


Figure 2.10.2 (b) RTSO Timing 


ASCI INTERRUPTS | 
Fig. 2.10.3 shows the ASCI interrupt request generation circuit. 


1EF 1 


ASCIO Interrupt 
Request 


ASCI1 Interrupt 
Request 

TORE | =. 

TIE! 


Figure 2.10.3 ASCI Interrupt Request Circuit Diagram 


ASCI <—~> DMAC Operation 


Operation of the ASCI with the on-chip DMAC channel 0 requires the DMAC 
be correctly configured to utilize the ASCI flags as DMA request signals. 
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ASCI AND RESET 

During RESET, the ASCI status and control registers are initialized as defined 
in the individual register descriptions. 

Receive and Transmit operations are stopped during RESET. However, the con- 
tents of the transmit and receive data registers (TDR and RDR) are not changed by 
RESET. 


2.11 Clocked Serial 1/O Port (CSI/O) 

The HD64180 includes a simple, high speed clock synchronous serial I/O port. 
The CSI/O includes transmit/receive (half duplex), fixed 8-bit data and internal or 
external data clock selection. High speed operation (baud rate as high as 200k bits/ 
second at f¢ = 4 MHz) is provided The CSI/O is ideal for implementing a multi- 
processor communication link between the HD64180 and the HMCS400 series (4- 
bit) and the HD6301 series (8-bit) single chip controllers as well as additional 
11164180 CPUs. These secondary devices may typically perform a portion of the 
system I/O precessing such as keyboard scan/decode, LCD interface, etc. 


CSI/O BLOCK DIAGRAM 
The CSI/O block diagram is shown in Fig. 2.11.1. The CSI/O consists of two 
registers — the Transmit/Receive Data Register (TRDR) and Control Register 


(CNTR). 
< Internal] Address/Data Bus > 


| 9 
Af \ 
Transmit/Receive 3aud Rate xS 
Data Register 
TRDR (8) Generator 
Control Register : 


CNTR (8) 


TXS © 
RXS 


Interrupt Request 


Figure 2.11.1 CSI/O Block Diagram 


CSI/O REGISTER DESCRIPTION 


Transmit/Receive Data Register (TRDR: 1/O Address = OBH) 

TRDR is used for both CSI/O transmission and reception. Thus, the system de- 
sign must insure that the constraints of half-duplex operation are met (Transmit and 
receive operation can’t occur simultaneously). For example, if a CSI/O transmission 
is attempted at the same time that the CSI/O is receiving data, a CSI/O will not work. 
Also note that TRDR is not buffered. Therefore, attempting to perform a CSI/O trans- 


74 HITACHI 


mit while the previous transmit data is still being shifted out causes the shift data to be 
immediately updated, thereby corrupting the transmit operation in progress. Similarly, 
reading TRDR while a transmit or receive is in progress should be avoided. 


Control/Status Register (CNTR: I/O Address = OAH) 


CNTR is used to monitor CSI/O status, enable and disable the CSI/O, enable 
and disable interrupt generation and select the data clock speed and source. 


CSI/O Control Register (CNTR : I/O Address = OAH) 


bit 7 6 5 4 3 2 1 0 
R R/W RSW. R/W R/W R/W R/W 


O EF: End Flag (bit 7) 

EF is sect = 1 by the CSI/O to indicate completion of an 8-bit data transmit or 
receive operation. If ETE (End Interrupt Enable) bit = 1 when EF is set = I, a 
CPU interrupt request-will be generated. Program access of TRDR should only oc- 
cur if EF = 1. The CSI/O clears EF = 0 when TRDR is read or written. EF ts 
cleared = 0 during RESET and IOSTOP mode. 


© EIE: End Interrupt Enable (bit 6) 

EIE should be set = | to enable EF = 1 to generate a CPU interrupt request. 
The interrupt request is inhibited if EIE is reset = 0. EIE is cleared =. 0 during RE- 
SET. 


ORE: Receive Enable (bit 5) 

A CSI/O receive operation is started by setting RE = 1. When RE is set = 1, 
the data clock is enabled. In internal clock mode, the data clock is output from the 
CKS pin. In externa! clock mode, the clock is input on the CKS pin. In either case, 
data is shifted in on the RXS pin in synchronization with the (internal or external) 
data clock. After receiving 8 bits of data, the CSI/O automatically clears RE = 0, 
EF is set = 1 and an interrupt (if enabied by ETE = 1) will be generated. Note that 
RE and TE should never both be set = 1 at the same time. RE is cleared = 0 dur- 
ing RESET and IOSTOP mode. 

Note that the RXS pin (pin 52) is multiplexed with ASCI CTS1* modem control 
input. In order to enable the RXS function, the CTSIE bit in CNTAI should be reset 
= 0. 


© TE: Transmit Enable (bit 4) 

A CSI/O transmit operation is started by setting TE = 1. When TE is set = 1, 
the data clock is enabled. In internal clock mode, the data clock is output from the 
CKS pin. In external clock mode, the clock is input on the CKS pin. In either case, 
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data is shifted out on the TXS pin synchronous with the (internal or external) data 
clock. After transmitting 8 bits of data, the CSI/O automatically clears TE = 0, EF is set 
= 1 and an interrupt (if enabled by ELE = 1) will be generated. Note that TE and RE 
should never both be set = | at the same time. TE is cleared = 0 during RESET and 
IOSTOP mode. 


O SS2, 1, 0: Speed Select 2, 1, 0 (bits 2-0) 

SS2, SS1 and SSO select the CSI/O transmit/receive clock source and speed. 
$52, SS1 and SSO are all set = 1 during RESET. Table 2.11.1 shows CSI/O Baud Rate 
Selection. 


Table 2.11.1 CSI/O Baud Rate Selection 


(200000) 
(100000) 
( 50000) 


( 25000) 


( 12500) 


( 6250) 


( 3125) 


external Clock input 
(less than = 20) 


( ) shows the baud rate (BPS) at ¢ = 4 MHz. 


After RESET, the CKS pin is configured as an external clock input (SS2, SS1, SSO 
= 1). Changing these values causes CKS to become an output pin and the selected 
clock will be output when transmit or receive operations are enabled. 


CSi/O INTERRUPTS 
The CSI/O interrupt request circuit is shown in Fig. 2.11.2. 
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1EF } 


EF }— Clocked SI/0 
EIE Interrupt Request 


Figure 2.11.2 CSI/O Interrupt Circuit Diagram 


CSi/O OPERATION 
The CSI/O can be operated using status polling or interrupt driven algorithms. 


Transmit — Polling 

1. Poll the TE bit in CNTR until = 0. 

2. Write the transmit data into TRDR. 

3. Set the TE bit in CNTR = 1. 

4. Repeat | to 3 for each transmit data byte. 


Transmit — Interrupts 

1. Poll the TE bit in CNTR until = 0. 

2. Write the first transmit data byte into TRDR. 

3. Set the TE and EIE bits in CNTR = 1. 

4. When the transmit interrupt occurs, write the next transmit data byte into 
TRDR. 

5. Set the TE bit in CNTR = 1. 

6. Repeat 4 to 5 for each transmit data byte. 


Receive — Poliing 

Poll the RE bit in CNTR until = 0. 

Set the RE bit in CNTR = 1. 

Poll the RE bit in CNTR until = 0. 
Read the receive data from TRDR. 
Repeat 2 to 4 for each receive data byte. 


ase a 


Receive — interrupts 

Poll the RE bit in CNTR until = 0. 

Set the RE and EIE bits in CNTR = 1. 

When the receive interrupt occurs read the receive data from TRDR. 
Set the RE bit in CNTR = 1. 

Repeat 3 to 4 for each receive data byte. 


Ae a 


CS1/O OPERATION TIMING NOTES 

(1) Note that transmitter clocking and receiver sampling timings are different from 
internal and external clocking modes. Fig. 2.11.3 to Fig. 2.11.6 shows CSI/O Trans- 
mit/Receive Timing. 
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EF 
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iN 
LSB ‘ MSB 


t 


Read or Write of 

Transmit/Receive 

Data Register 
Figure 2.11.3 Transmit Timing — internal Clock 


T 


Read or Write of 


Transmit/Receive 


Data Register 


Figure 2.11.4 Transmit Timing — External Clock 


RXS 


CKS | | | | | | | | 
MSB 
118 118 


Sampling 


a a 
EF eee ee, ee ee 
T 


Read or Write of 
Transmit/Receive 
Data Register 


Figure 2.11.5 Receive Timing — Internal Clock 


CKS 


RXS 


RE 


EF 


i} 


Read or Write of 
Transmit /Receive 
Data Register 


Figure 2.11.6 Receive Timing — External Clock 
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(2) The transmitter and receiver should be disabled (TE and RE = 0) when 
initializing or changing the baud rate. 


CSI/O OPERATION NOTES 

(1) Disable the transmitter and receiver (TE and RE = 0) before initializing of 
changing the baud rate. When changing the baud rate after completion of trans- 
mission or reception, a delay of a least one bit time is required before baud rate 
modification. 

(2) When RE or TE is cleared = 0 by software, a corresponding receive or transmit 
operation is immediately terminated. Normally, TE or RE should only be 
cleared = O when EF = 1. 

(3) Simultaneous transmission and reception is not possible. Thus, TE and RE 
should not both be | at the same time. 


CS1I/O AND RESET 

During RESET each bit in the CNTR is initialized as defined in the CNTR register 
description. 

CSI/O transmit and receive operations in progress are aborted during RESET. 
However, the contents of TRDR are not changed. 


2.12 Programmable Reload Timer (PRT) 


The HD64180 contains a two channel 16-bit Programmable Reload Timer. Each 
PRT channel contains a 16-bit down counter and a 16-bit reload register. The down 
counter can be directly read and written and a down counter overflow interrupt can 
be programmably enabled or disabled. In addition, PRT channel | has a TOUT out- 
put pin (pin 31 — multiplexed with A18) which can be set HIGH or LOW and tog- 
gled. Thus PRT1 can perform programmable output waveform generation. 


PRT BLOCK DIAGRAM 

The PRT block diagram is shown in Fig. 2.12.1. The two channels have separate 
timer data and reload registers and a common status/control register. The PRT 
input clock for both channels is equal to the system clock (¢@) divided by 20. 
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Internal Address/Data 


Bus 


iser Data iszer Data Tizer Data 


Register IL Register 1H 
TMDRIL (8) | TMDRIH (3) 
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TMDROL (8) | TMDROH (8) 


Tiner Control 


Register (3) Tiner Reload |Tiszer Reload 


Register OL Register OH Register IL Register 1H 


RLDROL (8) 


TCR 


RLDROH (8) TLDRIL (8)} TLDRIH (8) 


L Interrupt Request 


Figure 2.12.1 PRT Block Diagram 


PRT REGISTER DESCRIPTION 


Timer Data Register (TMDR: 1/O Address = CHO: ODH, OCH CH1: 15H, 14H) 

PRTO and PRT1 each have 16-bit Timer Data Registers (TMDR). TMDRO and 
TMDRI are each accessed as low and high byte registers (TMDROH, TMDROL and 
TMDRIH, TMDRIL). During RESET, TMDRO and TMDRI are set = FFFFH. 

TMDR is decremented once every twenty @ clocks. When TMDR counts down 
to 0, it is automatically reloaded with the value contained in the Reload Register 
(RLDR). 

TMDR can be read and written by software using the following procedures. The 
read procedure uses a PRT internal temporary storage register to return accurate 
data without requiring the timer to be stopped. The write procedure requires that 
the timer be stopped. 

For reading (without stopping the timer), TMDR must be read in the order of 
lower byte — higher byte (TMDRnL, TMDRnH). The lower byte read (TMDRnL) 
will store the higher byte value in an internal register. The following higher byte read 
(TMDRnH) will access this internal register. This procedure insures timer data validity 
by eliminating the problem of potential 16-bit timer updating between each 8-bit read. 
Specifically, reading TMDR in higher byte — lower byte order may result in invalid 
data. Note the implications of TMDR higher byte internal storage for applications 
which may read only the lower and/or higher bytes. In normal operation all TMDR 
read routines should access both the lower and higher bytes, in that order. 

For writing, the TMDR down counting must be inhibited using the TDE 
(Timer Down Count Enable) bits in the TCR (Timer Control Register), following 
which any or both higher and lower bytes of TMDR can be freely written (and read) in 
any order. 
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Reload Register (RLDR: 1/O Address = CHO: OEH, OFH CH1: 16H, 17H) 

PRTO and PRTI1 each have 16-bit timer Reload Registers (RLDR). RLDRO and 
RLDRI1 are each accessed as low and high byte registers (RLDROH, RLDROL and 
RLDRIH, RLDRIL). During RESET RLDRO and RLDRI are set = FFFFH. 

When the TMDR counts down to 0, it is automatically reloaded with the con- 
tents of RLDR. 


Timer Control Register (TCR) 

TCR monitors both channels (PRTO, PRT1) TMDR status and controls enab- 
ling and disabling of down counting and interrupts as well as controlling the output 
pin (A18/TOUT-pin 31) for PRT }. 


Timer Control Register (TCR : 1/O Address = 10H) 
b 


it 7 6 5 4 3 2 1 Oo 
TIFI/ITIFO|TIE1L|TIEO;|TOC1/]TOCO|]TDE1!{TDEO 
R R R/W R/W R/W R/W R/W 


R/W 


© TIF1: Timer Interrupt Flag 1 (bit 7) 

When TMDRI decrements to 0, TIF] is set = 1. This can generate an interrupt 
request if enabled by TIE] = 1. TIF] is reset = 0 when TCR is read and the higher or 
lower byte of TMDR1 are read. During RESET, TIF1 is cleared = 0. 


© TIFO: Timer Interrupt Flag O (bit 6) 

When TMDRO decrements to 0, TIFO is set = 1. This can generate an interrupt 
request if enabled by TIEO = 1. TIFO is reset = 0 when TCR is read and the higher or 
lower byte of TMDRO are read. During RESET, TIFO is cleared = 0. 


© TIE1: Timer Interrupt Enable 1 (bit 5) 

When TIE] is set = 1, TIF] = 1 will generate a CPU interrupt request. When 
TIE] is reset = 0, the interrupt request is inhibited. During RESET, TIE] is cleared = 
0. 


© TIEO: Timer Interrupt Enable 0 (bit 5) 

When TIEO is set = 1, TIFO = 1 will generate a CPU interrupt request. When 
TIEO is reset = 0, the interrupt request is inhibited. During RESET, TIEO is cleared = 
0. 


© TOC1, 0: Timer Output Control (bits 3-2) 

TOCI1 and TOCO control the output of PRT1 using the multiplexed A18/TOUT 
pin as shown below. During RESET, TOC! and TOCO are cleared = 0. This selects the 
address function for Al8/TOUT. By programming TOC] and TOCO, the A18/TOUT 
pin can be forced HIGH, LOW or toggled when TMDRI1 decrements to 0. 


82 HITACHI 


OUTPUT 


Inhibited (A18/TOUT pin is selected as 
an address output function. ) 
toggled 


0 (A18/TOUT pin is selected 
as a Timer output function. ) 


] 


O TDE1, 0: Timer Down Count Enable (bits 1-0) 

TDEI! and TDEO enable and disable down counting for TMDRI and TMDRO 
respectively. When TDEn is set = 1, down counting is executed for TMDRn. 
When TDEn is reset = 0, down counting is stopped and TMDRn can be freely 
read or written. TDEI! and TDEO are cleared = 0 during RESET and TMDRn will not 
decrement until TDEn is set = 1. 

Fig. 2.12.2 shows timer initialization, count down and reload timing. Fig. 2.12.3 
shows timer output (A18/TOUT) timing. 
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Write (0004H) 
es 


Reset 


Timer Date 
Register 
Reload Register Write (OO03H) Reload 
1 ‘ t i] 
‘ ' = 
Reload Register : : ' 
| Write "I" to TOE | } 
t] 
' 
TDE Flag : 
' § 
i] t 
TIF Flag 


sl Timer Dete Register Read 
Timer Control 


Register Read 


Figure 2.12.2 Timer Operation Timing 
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Timer Data | Timer Data 


Figure 2.12.3 Timer Output Timing 


1EF 1 


TIF I Timer Interrrupt 
TIES Request 
TIFO TimerO Interrupt 
TIEO Request 


Figure 2.12.4 Timer Interrupt Request Circuit Diagram 


PRT INTERRUPTS 
The PRT interrupt request circuit is shown in Fig. 2.12.4. 


PRT AND RESET 

During RESET the bits in TCR are initialized as defined in the TCR register de- 
scription. Down counting is stopped and the TMDR and RLDR registers are initialized 
to FFFFH. The A1l8/TOUT pin reverts to the address output function. 


PRT OPERATION NOTES 

(1) TMDR data can be accurately read without stopping down counting by reading 
the lower (TMDRnL) and higher (TMDRnH) bytes in that order. Or, TMDR can 
be freely read or written by stopping the down counting. 

(2) Care should be taken to insure that a timer reload does not occur during or be- 
tween lower (RLDRnL) and higher (RLDRnH) byte writes. This may be guaran- 
teed by system design/timing or by stopping down counting (with TMDR contain- 
ing a non-zero value) during the RLDR updating. 

Similarly, in applications in which TMDR is written at each TMDR overflow, the 
system/software design should guarantee that RLDR can be updated before the next 
overflow occurs. Otherwise, time base inaccuracy will occur. 

(3) During RESET, the multiplexed A18/TOUT pin is selected as address bus output 
function. 

By reprogramming the TOC] and TOCO bits, the timer output function for PRT 
channel 1 can be selected. The initial state of the TOUT pin after TOC! and TOCO are 
programmed to select the PRT channel | timer output function is as follows. 
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(1) Timer (channel 1) has not counted down to 0. 
If the timer has not counted down to 0 (timed out), the initial state of TOUT de- 
pends on the programmed value in TOC]! and TOCO. 


TOUT State After TOUT State After 
TOC! TOCO Programming TOCI1/TOCO Next Timeout 


0 1 HIGH (1) LOW (0) 
1 0 HIGH (1) LOW (0) 
l | HIGH (1) HIGH (1) 


(2) Timer (channel 1) has counted down to 0 at least once. 
If the timer has counted down to 0 (timed out) at least once, the initial state of 
TOUT depends on the number of time outs (even or odd) that have occurred. 
Numbers of Timeouts TOUT State After 
(even or odd) Programming TOC1/TOCO 


Even (2, 4, 6 ...) HIGH (1) 
Odd (1, 3,5...) LOW (0) 


2.13 6800 Type Bus Interface 


A large selection of 6800 type peripheral devices can be connected to the 
HD64180, including the Hitachi 6300 CMOS series (6321 PIA, 6350 ACIA, etc.) as 
well as 6500 family devices. 

These devices require connection with the HD64180 synchronous E clock out- 
put. The speed (access time) requirements for the peripheral device are determined 
by the 11D64180 clock rate. Table 2.13.1, Fig. 2.13.1 and Fig. 2.13.2 define E clock 
output timing. 


‘Table 2.13.1 E Clock Timing in Each Condition 


Op-code Fetch Cycle T2* - T3i (1.5 ¢6 + nw: @ ) 
Ist Twi - T3t (0.5 6+ nw: of ) 
pees ens 
aes 
ee odin cede, 


BUS RELEASE din- dt (2 gor 1 ¢ ) 
SLEEP Mode 


NOTE) nw: the number of wait states 


Duration of E Clock Ovtput “High” 


MC : Machine Cycle 
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Op-code 
Fetch Cycle 


NMI! 
Memory Read/ Acknowledge INTO Acknowledge 
Write Cycle 1/O Read Cycle 1/0 Write Cycle | st MC Ist MC 


NOTE) MC: Machine Cycle 


Figure 2.13.1 E Clock Timing (During Read/Write Cycle and Interrupt 
Acknowledge Cycle) 


BUS RELEASE Mode 
i 


i tk 


4 
nishEQ 


hUSACK 


i 
(a) E Clock Timing in BUS RELEASE Mode 
Sleep 
Instruction 
2nd Op-code Op-code 
- Fetch Cycle SLEEP Mode Fetch Cycle 
ys 
Da ~ Dy 


INT. NMI 


(b) € Clock Timing in SLEEP Mode 


Figure 2.13.2 E Clock Timing (in BUS RELEASE Mode, SLEEP Mode) 
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Wait states inserted in op-code fetch, memory read/write and I/O read/write cy- 
cles extend the duratioh of E HIGH. Note that during I/O read/write cycles with 0 wait 
states (only occurs during on-chip I/O register accesses), E will not go HIGH. 

The correspondence between E HIGH duration and standard peripheral device 
speed selections is as follows. 


Device Speed Selection Required E HIGH Duration 


1.0 MHz (ex: HD6321P) 500 ns min. 
1.5 MHz (ex: HD63A21P) 333 ns min. 
2.0 MHz (ex: HD63B21P) 230 ns min. 


2.14 On-chip Clock Generator 

The HD64180 contains a crystal oscillator and system clock (@) generator. A 
crystal can be directly connected or an external clock input can be provided. In 
either case, the system clock (#) is equal to one-half the input clock. For example, a 
crystal or external clock input of 8 MHz corresponds with a system clock rate of ¢ 
= 4 MHz. 

The following table shows the AT cut crystal characteristics (Co, Rs) and the 
load capacitance (CL1, CL2) required for various frequencies of HID64180 opera- 
tion. 


Table 2.14.1 Crystal Characteristics 


Clock Frequency 
Item 4MizSfS12MHz 12MHz<fS16MHz 


<7 pF 


If an external clock input is used instead of a crystal, the waveform (twice the ¢ 
clock rate) should exhibit a 50% + 5% duty cycle. Note that the minimum clock 
input HIGH voltage level is Vcc—0.6V. The external clock input is connected to 
the EXTAL pin, while the XTAL pin is left open. Fig. 2.14.1 shows external clock 
connection. 
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EXTAL3 
JUUL External Clock Input 


XTA Open 


Figure 2.14.1 External Input Interface 


Fig. 2.14.2 shows the HD64180 clock generator circuit while Fig. 2.14.3 and Fig. 
2.14.4 specify circuit board design rules. 


CL 


ar 
ae ee 


Figure 2.14.2 Crystal Interface 


HD64180 


Figure 2.14.3 Note for Board Design of the Oscillation Circuit 
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Signal line layout should 


avoid areas marked with /////. 


| 
| 
_ 


20am max 


ca. 


HD64180 


(Top View) 


Figure 2.14.4 Example of Board Design 


Circuit Board design should observe the following. 
(1) To prevent induced noise, the crystal and load capacitors should be physically 


located as close to the LSI as possible. 
(2) Signal.lines should not run parallel to the clock oscillator inputs. In particular, 


the clock input circuitry and the @ output (pin 64) should be separated as much as 


possible. 
(3) Similar to (2), Vcc power lines should be separated from the clock oscillator 


input circuitry. 
(4) Resistivity between XTAL or EXTAL and the other pins should be greater than 


10M ohms. 
Signal line layout should avoid areas marked with /////. 
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3. HD64180 SOFTWARE ARCHITECTURE 


3.1 Instruction Set 


The HD64180 is object code compatible with standard 8-bit operating system 
and application software. The instruction set also contains a number of new instruc- 
tions to improve system and software performance, reliability and efficiency. 


New Instructions Operation 


SLP Enter SLEEP mode 

MLT 8-bit multiply with 16-bit result 

INO g, (m) Input contents of immediate I/O address into register 
OUTO (m), g Output register contents to immediate I/O address 
OTIM Block output — increment 

OTIMR Block output — increment and repeat 

OTDM Block output — decrement 

OTDMR Block output — decrement and repeat 

TSTIO m Non-destructive AND, I/O port and accumulator 

TST g Non-destructive AND, register and accumulator 

TST m Non-destructive AND, immediate data and accumulator 
TST (HL) Non-destructive AND, memory data and accumulator 
SLP — Sleep 


The SLP instruction causes the HD64180 to enter SLEEP low power consump- 
tion mode. See section 2.4 for a complete description of the SLEEP state. 


MLT — Multiply 

The MLT performs unsigned multiplication on two 8 bit numbers yielding a 16 
bit result. MLT may specify BC, DE, HL or SP registers. In all cases, the 8-bit oper- 
ands are loaded into each half of the 16-bit register and the 16-bit result is returned 
in that register. 


INO g, (m) — Input, Immediate 1/O address 

The contents of immediately specified 8-bit I/O address are input into the specified 
register. When I/O is accessed, 00H is output in high-order bits of address automat- 
ically. 


OUTO (m), g — Output, immediate !/O address 

The contents of the specified register are output to the immediately specified 8- 
bit I/O address. When I/O ts accessed, 00H is output in high-order bits of address 
automatically. 


OTIM, OTIMR, OTDM, OTDMR — Block I/O 

The contents of memory pointed to by HL is output to the I/O address in (C). 
The memory address (HL) and I/O address (C) are incremented in OTIM and 
OTIMR and decremented in OTDM and OTDMR respectively. B register is decre- 
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mented. The OTIMR and OTDMR variants repeat the above sequence until register 
B is decremented to 0. Since the I/O address (C) is automatically incremented or 
decremented, these instructions are useful for block I/O (such as HD64180 on-chip 
I/O) initialization. When I/O is accessed, OOH is output in high-order bits of address 
automatically. 


TSTIO m — Test I/O Port 

The contents of the I/O port addressed by C are ANDed with immediately spec- 
ified 8-bit data and the status flags are updated. The I/O port contents are not writ- 
ten (non-destructive AND). When I/O is accessed, 00H is output in higher bits of 
address automatically. 


TST g — Test Register 

The contents of the specified register are ANDed with the accumulator (A) and 
the status flags are updated. The accumulator and specified register are not changed 
(non-destructive AND). 


TST m — Test Immediate | 

The contents of the immediately specified 8-bit data are ANDed with the ac- 
cumulator (A) and the status flags are updated. The accumulator is not changed 
(non-destructive AND). 


TST (HL) — Test Memory 

The contents of memory pointed to by HL are ANDed with the accumulator 
(A) and the status flags are updated. The memory contents and accumulator are not 
changed (non-destructive AND). 


3.2 Registers 


The HD64180 main registers (Register Set GR) consist of an 8-bit accumulator 
(A), 8-bit status flag register (F) and three general purpose registers (BC, DE, HL). 
These latter registers may be treated as 16-bit registers or as individual 8-bit regis- 
ters depending on the instruction being executed. The main registers also include 
Special Registers which consist of the interrupt Vector (1), R Counter (R), two 16- 
bit index registers (IX and IY), stack pointer (SP) and the program counter (PC). 

The HD64180 also includes an alternate register set (Register Set GR’) for the 
accumulator, flag and general purpose registers. While these registers are not directly 
accessible, their contents can be programmably exchanged at high speed with those 
of the main register set. This capability may be used for high speed context switch 
or for storing key, frequently accessed variables. | 

Figure 3.2.1 shows CPU Registers. 
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Register Set GR Special Registers 


Accunulator Flag 
A F 


B Register 


Interrupt R Counter 


Vector 
I R 


C Register 


D Register 


H Register 


Register Set GR’ 


Accumulator Flag 


Figure 3.2.1 CPU Registers 


E Register 


I. Register 


REGISTER DESCRIPTION 


Accumulator (A) 
The accumulator serves as the primary register used for many arithmetic, logical 


and I/O instructions. 


Flag (F) 
The flag register stores various status bits (described in the next section) which re- 
flect the results of instruction execution. 


General Purpose Registers (BC, DE, HL) 

The General Purpose Registers are used for both address and data operation. 
Depending on instruction, each half (8 bits) of these registers (B, C, D, E, H, L) 
may also be used. 


Interrupt Vector Register (I) 

For interrupts which require a vector table address to be calculated (INTO Mode 
2, INT1, INT2 and internal interrupts), the Interrupt Vector Register provides the 
most significant byte of the table address. 
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R Counter (R) 

The least significant seven bits of the R Counter (R) serve to count the number 
of instructions executed by the HD64180. R is incremented for each CPU op-code 
fetch cycles (each LIR cycles). 


index Registers (IX, IY) 

The Index Registers are used for both address and data operations. For address- 
ing, the contents of a displacement specified in the instruction are added to or sub- 
tracted from the Index Register to determine an effective operand address. 


Stack Pointer (SP) 
The Stack Pointer contains the address of the memory based LIFO stack. 


Program Counter (PC) 
The Program Counter contains the address of the instruction to be executed and 
is automatically updated after each instruction fetch. 


Flag (F) Description 

The flag register stores the logical state reflecting the results of instruction ex- 
ecution. The contents of the flag register are used to control program flow and in- 
struction operation. 


7 6 5 4 38 2 1. 0 
ps [z}- [Hu] - {ry | c | F Register 


OS: Sign (bit 7) 

S stores the state of the most significant bit (bit 7) of the result. This is useful 
for operations with signed numbers in which values with bit 7 = 1 are interpreted 
as negative. 


© 2: Zero (bit 6) 
Z is set = 1 when instruction execution results containing 0. Otherwise, Z is re- 
set = 0. 


O H: Half Carry (bit 4) 

H is used by the DAA (Decimal Adjust Accumulator) instruction to reflect bor- 
row or carry from the least significant 4 bits and thereby adjust the results of BCD 
addition and subtraction. 


© P/V: Parity/Overflow (bit 2) 

P/V serves a dual purpose. For logical operations P/V is set = 1 if the number 
of 1 bit in the result is even and P/V is reset = 0 if the number of | bit in the 
result is odd. For two complement arithmetic, P/V is set = 1 if the operation pro- 
duces a result which is outside the allowable range (+ 127 to — 128 for 8-bit opera- 
tions, + 32767 to — 32768 for 16-bit operations). 
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© N: Negative (bit 1) 

N is set = 1 if the last arithmetic instruction was a subtract operation (SUB, 
DEC, CP, etc.) and N is reset = 0 if the last arithmetic instruction was an addi- 
tion operation (ADD, INC, etc.). 


© C: Carry (bit 0) 

C is set = 1 when a carry (addition) or borrow (subtraction) from the most sig- 
nificant bit of the result occurs. C is also affected by Accumulator logic operations 
such as shifts and rotates. 


3.3 Addressing Modes 
The HD64180 instruction set includes eight addressing modes. 


Implied Register 
Register Direct 
Register Indirect 
Indexed 
Extended 
Immediate 
Relative 

10 


implied Register (IMP) 

Certain op-codes automatically imply register usage, such as the arithmetic oper- 
ations which inherently reference the Accumulator, Index Registers, Stack Pointer and 
General Purpose Registers. 


Register Direct (REG) 
Many op-codes contain bit fields specifying registers to be used for the operation. 
The exact bit field definition vary depending on instruction as follows. 
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8-bit Register 


1 
0 
1 
0 
1 
0 
1 


elie | O;oO!]|o 


C 
ee ae L 


m1 O1O} |] =1 oO 


pus 


_ 
pw 


16-bit Register 


HL 
A, 


Register Indirect (REGI) 
The memory operand address is contained in one of the 16-bit General Purpose 
Registers (BC, DE or HL). 


Indexed (INDX) 
The memory operand address is calculated using the contents of an Index Regis- 
ter (IX or IY) and an 8-bit displacement specified in the instruction. 
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displacement (d) 


Sign extended 


IX or IY 


Extended (EXT) 
The memory operand address is specified by two bytes contained in the instruc- 
tion. 


operand 


Memory 


Immediate (IMMED) 
The memory operands are contained within one or two bytes of the instruction. 


16-bit operand 


Relative (REL) 

Relative addressing mode is only used by the conditional and unconditional 
branch instructions. The branch displacement (relative to the contents of the pro- 
gram counter) is contained in the instruction. 
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Sign extended 


op-code 
displacement (d) 


Program Counter 


(PC) 


10 (10) 

IO addressing mode is used only by I/O instructions. This mode specifies I/O ad- 
dress (IOE* = 0) and outputs them as follows. 
(1) An operand is output to AO-A7. A content of accumulator is output to A8-A15. 


(2) A content of Register B is output to AO-A7. A content of Register C is output 
to A8-A15. 


(3) An operand is output to AO-A7. 00H is output to A8-A15. 
(useful for internal I/O register access) 


(4) A content of Register C is output to AO-A7. OOH is output to A8-A15. 
(useful for internal I/O register access) 
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4. HD64180 ELECTRICAL CHARACTERISTICS 


@ ABSOLUTE MAXIMUM RATINGS 


__Supply Voltage 
Input Voltage 
_ Operating Temperature 
Storage Temperature 


- 55 ~ +150 


(NOTE) Permanent LS! damage may occur if maximum ratings are exceeded. Normal operation should be under recommended operating 
conditions. If these conditions sre exceeded, it could affect retiability of LS!. 


@ DC CHARACTERISTICS (Vcc = 5V +10%,Vss = OV.Ta = O~+ 70°C) 


Symbol Condition MIN MAX 


Input “H” Voltage 

VIH 1 | RESET. EXTAL, NMI 
Input “ H" Voltage 

V IH 2 | Except RESET, EXTAL. NMI ; 
Input “1.” Voltage 
RESET, EXTAL, NMI . 
Input “I.” Voltage | a 
Except. RESET, EXTAL. NMI ss 


Output “H" Voltage LOU. 200u0A 


Ea 


All Outputs LOH - 20n<A 


Output “L" Voltage 


es 


All Outputs LOL = 1.6mA 


Input Leakage 


Current. All Inputs Vin==0.5~ Vee-0.5 
Except XTAL. EXTAL 


i 
> 


Three State Leakage 
Current Vin=0.5~ Vee -0.5 


Power Dissipation 


4 
w ! e 
o 2 = 
3 
> 


(Normal Operation) f- 4MHHz 
Power Dissipation 


(SYSTEM STOP Mode) 


=| 
> 


Pin Capacitance 
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@ AC CHARACTERISTICS 
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Symbol 


CV. 


Item 


t CYC E 


t CHW 


| Clock 


t Med 


t RDP I 


t MED2 
tkbDp2 
t LD 2 
t DRS 
{ DRH 
tSTD 1 


tSTD2 


“Address Delay — 


Clock Cycle 


“HY Pulse Width 


Clock 


4 Miz, . 


5V' 10%, Vss OV, 


GMI lz 
TYP 


Fall Time 


Rise Time 


Address Set-up 


Time(ME or IOK 


Mh Delay Time 1! 


RI) Delay Time | 


Address Hold 
Time(ME or IOK 


ME Delay Time 2 


Rl) Delay Time 2 


Time 
Data Read 


Hold Time 


ST Delay Time | 


ST Delay Time 2 
WAIT Set-up 


Time 


WAIT Hold Time 


Ta-O~-+70C) 


(Vee =5Vt 10%. Vss-0V. Ta -O~ +70°C) 


AMIIz 
Symbol Item 


Write Data 
t WDZ | Floating Delay 
Time 


tWROIL WR Delay Time | 
Write Data — 

t WDD) | Delav Time 
TL Write Data Set 
1WDS jap Time(hWR bo 
t WRD2] WR Delav Time 2 


tWRP EWR Pulse Width 
~  T Write Data Hold 
t WDH | Time (WR fT) 


HOD LE PIOK Delay Time | 


t1ObD2 [TOK Delay Time 2 
~ TIO Delay Time 3 
tlobs | CLIR t) 

t INTS Time 64 J) 
"NE Taid Time 
tINTH | (a 4) 


t NMIW] NMI Pulse Width 
~  FBUSREQ Set up 
tBRS | Time(LAST State 


1) 
BUSREQ Hold Time] 
t BRIE LT CLAST State |) 
~~“ TBUSACK Delay 
t BAD 1] Time | 
t BAD 2] Time 2 
7 Bus Floating —— 
t BZD | Delay Time 
| ME Pulse Width | 
t MEWH (HIGH) 200 
ME Pulse Width 
(LOW) 0 
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Symbol 


t RDI 
1 RED? 
WHADL 
' HAD2 
DRS. 
eee 
UTR 
ime 
t kp) 

t D2 

t TC ) ; 


t STDI 


(Vie 
AMIEI!z 
TYP 


ftem 


REE Delay Time f 


REEF Delay Time 2 
HALT Delay 
PMO oe hs 
HALT Delay 
Time 2 

DREQi Set-up 


Time 


DREQi Hold 
Time 

TENDi Delay 
Time | 

TENDI Delay 


Time 2 


Enable Delay 
Time | 

Enable Delav 
Time 2 

Timer Output 
Delay Time 

CSUO Transmit. 
Data Delay Time 


Internal Clock 


Operation) 


tSTDE 


CSVO Transmit | 
Data Delay Time 
(External Clock 
Operation) 
CSI/O Receive 
Data Set-up Time 
(internal Clock 
Operation) 
CSO Receive 
Data Hold Time 


(Internal Clock 


Operation) 
‘CSI/O Receive 
Data Set-up Time 
(External Clock 
Operation) 
CSIVO Receive 
Data Hold Time 


(External Clock 


Operation) 
RESET Set-up 


SV Eros. Vss OV. Ta 
GOMEHz 
TYP] MAX 


O~s7T0C) 
MAX | MIN 


110 


400 


200 


{eve 
+300 


ried tcouw 


ARV HY VV 


va x Pt | AY 
a 


n 
I 
p 
ce eee 


ST 


IN oe. Ny, ye 

. tigi 
aaa aa 

RESET 


CPU Timing (1) 


2 
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WISRAQ 


CPU Timing (2) 
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GOL IHOVLIH 


DREQi 
(at level sense) 


DREQi 
(at edge sense) 


TENDi 


ST 


CPU or DMA Read/Write Cycle (Oniy DMA Write Cycle for TENDi) 


Ty 


trepe 


“1 toras and tprgn are specified for rising edge of clock followed by T3. 
*2 toras and torgu are specified for rising edge of clock. 

°3 DMA cycle starts. 

*4 CPU cycle starts. 


DMA Control Signals 


Bujuily 49019 3 


; -— ‘q~°q 


(313M O/T) 
qd 


( Peey O/ 1 ) 
q 


(ailing /peay Asowea yp ) 
| 
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Buiuny yndjno sew, 


j 
i 


0000 ="3ay 


e3eq ge 


wmoL/ Bl Y 
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sf 


ee 
yoyay 


apods do IxaNn 


s 


L 


@JDAQ UOIZNDEXyA d1S 


sy] 


71 


un tL 
419) 
vorzonsisuyl gys 
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601 IHOVLIH 


CSI/O Clock 


Transmit data 
(Internal clock) 


Transmit data 


(External clock) 


Receive data 
(Internal clock) 


Receive data 
(External clock) 


CSI/O Receive/Transmit Timing 


Vec 


Ry = 2.2kQ 
Test Point 


1$2074® 
Cc R or Equiv. 


C=90pF  R=12k2 


Bus Timing Test Load (TTL Load) 
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A. Instruction Set 


The followings explain the symbols in instruction set. 


1. Register 


g, g', ww, zz, xx, and yy specify a register to be used. g and g' 
specify an 8-bit register. ww, zz, xx, and yy specify a pair of 16-bit 
registers. The following tables show the correspondence between symbols and 
registers. 


2. Bit 


b specifies a bit to, be manipulated in the bit manipulation instruc- 
tion. The following table shows the correspondence between b and bits. 
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3. Condition 


f specifies the condition in program control instructions. 
The following shows the correspondence between f and conditions. 


f000 [NZ non zero —_—+d 
oor [|Z zero SS 
[010 [NC non carry _| 
oll | C carry SS 
r 100] 
1t0= 
ie 


4. Restart Address 


v specifies a restart address. The following table shows the 
correspondence between v and restart addresses. 


Address 


20H 
28H 
30H 


5. Flag 


The following symbols show the flag conditions. 


: not affected 


t : affected 
X : undefined 
S : set=]1 

R : set=0 

P : parity 

V : overflow 


6. Miscellaneous 


( Ju: a content in the memory address 
norm : 8-bit data 

mn : 16-bit data 
( ); : a content in the I/O address 
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1. Arithmetic and Logical Instructions 


(1) Arithmetic Instructions (8-bit) 


Operation Addressing No.of | No.of 
MNEMONICS OP-code Operation 
name IMMED | EXT | IND | REG | REGI | IMP | REL | Bytes | States 


4 Ar +r Ar 
10 000 110 6 Ar + (HL) o> Ar 
11 000 110 6 Ar +a Ar 


Ar + (IX+d) n> Ar 


14 


Ar + (IY+d) n> Ar 


Ar+gr+c— Ae 
Ar + (HL) nt Ar 
Ar +atcAr 


Ar + (IX¢d) nto Ar 


Ar + (IY+d) nto Ar 


Ar *gr Ar 
Ar * (HL) o> Ae 
Ar sam Ae 


AND (HL) 
AND 


AND (IX+d) Ar * (IX+d) n> Ar 


IHOVLIH 911 


CP g 
CP (HL) 
CP = 


CP (1X+d) 


CP (IY+d) 


DEC (HL) 
DEC (IX+d) 


DEC (IY+d) 


INC g 
INC (HL) 
INC (IX+d) 


OP-code 


11 111 101 
10 100 110 
< 

10 lll g 
10 111 110 
11 111 110 
< > 
11 011 101 
10 111 110 
« d > 
11 111 101 
py 


00g 101 
00 110 101 
11 011 101 
00 110 101 
« d > 

11 111 101 
00 110 101 
« d > 

00 g 100 
00 110 100 
11 011 101 
00 110 100 


Addressing 


No.of | No. of 


Operation 


Ar + (I¥+d) n—Ar 


Ar~gr 
Ar-- (HL) » 
Arm 


Ar ~ (IX+d) 


Ar (LY+d) x 


gr-l er 

(HL) n~1— (HL) 
(IX+d) n-1—> 
(IX+d) 


(IY+d)n-1—> 
(IY+d)~ 


gr+l—gr 
(HL) n+ 1—> (HL) 
(IX+d) m+1— 
(IX+d) 0 


ZL1 tHOVLIH 


Operation Addressing No.of | No.of 


Operation 17 6 4 2 1 01 
IND | REG | REGI | IMP | REL | Bytes | States ieee 1S Z HPAVN C| 


(IY¥+d) n+1—> ° 


MNEMONICS 


name 
INC (T¥+d) | 11 111 101 
00 110 100 
< > 
a a 
vee | | | TT Serato 
em = [aww | | ial Phase ee 


OR ¢ 10 110 g Ar +gr — Ar 
OR (HL) 10 110 110 Ar + (HL) n> Ar 
OR » 11 110 110 Ar +n— Ar 
< B > 
OR (IX+d) {| 11 011 101 Ar ¢ (IX#d) n> Ar 
10 110 110 
« d > 
OR (I¥+d) | 11 111 101 ; Ar ¢ (IY+d) n— Ar 
10 110 110 
< d ») 
SUB ¢ 10 010 ¢ Ar gr > Ar 
D 
D 


(I¥+d) nm 


Su A siontes 


eo 


w 


SUB (HL) | 10 010 110 Ar = (HL) «— Ar 
SUB » 11 010 110 jae 
< a > 
11 O11 101 
10 010 110 
« d > 


SUB (IX+d) Ar - (IX+d) n> Ar 


IHOVLIH Bil 


i ee a ll Ca 

MNEMONICS OP-code Operation 7 6 4 7 6 4 2:1 «04 l Sa 

name | IMMED | EXT | IND | REG | REGI | IMP | REL | Bytes States S iS Z HP/VN C| H EEA N C 
| anindiuh ep 


4 Ar-gr-c— Ar 
Ar- (HL) w-c— Ar 
Ar-a-c— Ar 


o 2 
an 


SBC A, (HL) 
SBC A,a 


Ar - (IX+d) n-c— Ar 


A, (IX+d) 


A, (I¥+d) Ar- (IY¥+d) n-c— Ar 


XOR g 
XOR (HL) 
XOR = 


Ar®gr — Ar 
Ar@a— Ar 


XOR (IX+d) Ar@(1X+d) n> Ar 


6LLIHOVLIH 


Operation 


MNEMONICS 


OP -code 


11 111 101 
10 101 110 


Addressing 


IHOVLIH 021 


(2) Rotate and Shift Instructions 


Operation Lt 


i bytes States 


MNEMONICS OP-code 


name 


RLA 
RL g 


00 010 111 
11 001 011 
00 010 g 

11 001 011 
00 010 110 
11 011 101 
11 001 011 
« d»> 

00 010 110 
11 111 101 
11 001 011 
< d > 

00 010 110 
00 000 111 
11 001 011 
00 000 ¢ 

11 001 011 
00 000 110 
11 011 101 
11 001 011 
te od > 

00 000 110 
11 111 101 
11 001 011 
« d > 

00 000 110 
11 101 101 


RL (HL) 


RL (IX+d) 


RL (IY¥+d) 


RLCA 
RLC g 


RLC (HL) 


RLC (IX+d) 


I?l (HOVLIH 


01 101 
00 011 
11 001 
.| 00 011 
11 001 
00 011 
11 011 
11 901 
00 011 
} 11 111 
11 001 
< od 

00 011 
00 001 
11 001 
00 001 
11 001 
00 001 
11 011 
11 001 
« d 

00 001 
11 111 
11 001 
« d 


Rotate 
and 
Shift 
Data 


RRC (IY¥+d) 


OP-code 


00 001 | 


ll 


111 
O11 
€ 

011 
110 
101 
O11 

> 

110 
101 
O11 


“Addressing 


S/D 


S/D 


s/D 


S/D 


S/D 


771 
Col 


IHOViirH 


Operation 


MNEMONICS 


RRD 
SLA g 
SLA (HL) 


SLA (IX+d) 


SLA (IY¥+d) 


SRA ¢ 


SRA (HL) 


SRA (IX+d) 


SRA (IY+d) 


OP-code 


11 101 
01 100 
11 001 
00) 100 
11 001 
00 100 
11 011 
11 001 
< d 

00 100 
11 ill 
11 001 
« od 

00 100 
11 001 
00 101 


| Lt 001 
0) 101 


11 011 
11 001 
« d 
00 101 
11 111 
11 001 
« d 
00 101 
11 001 


101 
111 
011 
& 
011 
110 
101 
011 
> 
110 
101 
011 
> 
110 
011 
4 
011 
110 
101 
011 
> 
110 
101 
011 
> 
110 
011 


a No.of | No.of 
Operation [76 4 21 0] 
ER _ States 


C2 IHOVIIH 


Operation | | Addressing ~~ No.of |Nooof | 3 = ss 


name | EXT [ IND [ REG | REGI [ THP | REL | Bytes | states 
Rotate Ollg | | | 
and 11 001 011 S/D | 
Shift 00 111 110 : 
Data 11 O11 101 S/D 

11 001 011 | 

< d > | 

00 111 110 : | 

11 111 101 | S/D 

11001 011, | 

6 od >? 

OO 111 110 


tHOVLIH rel 


(3) Bit Manipulation Instructions 


Operation oe ee No.of | No.of 
MNEMONICS OP-code Operation 
cele aiaainbiiel Bytes States 


it Set | SET bye 

13 

S/D 19 

S/ 19 

7 

13 

19 

19 


SET b, (HL) 


SET b, (IX+d) 1—>be (IX+d) » 


o 


1b (1¥+d) 


O—>be (HL) 


s 


0-ob: (IX+d) 


0->b: (IY¥+d) » 


$7l IHOVLIH 


Operation 
MNEMONICS OP-code 
nase 


Bit Test 


BIT b,g 11 001 011 
Olb g 
11 001 011 
01 b 110 
11 011 101 
11 001 011 
< d > 
01 b 110 
11 111 101 
11 001 011 
« d > 
01 b 110 


BIT b, (HL) 


BIT b, (IX+d) 


ee... eee 


No.of No.of 
Operation 
can ig ytes | States 


be (HL) n—>z 


be (IX+d)n->z 


be (IY+d)n->z 


IHOVILIH 971 


(4) Arithmetic Instructions (16-bit) 
Operation rr... ae No.of | No.of 


nane _ sasieieilaaaierain! tos | states 


ADD HL, vw 
ADD IX,xx 


Operation 


HLa +v¥e HLe 
[Xe +xXn — [Xn 


[Xa -1—> 1Xn 
TYa-1—> Ya 


viet ]—vve 
IXa+1—> The 


TYa+l—>TYe 


2. Data Transfer Instructions 


(1) 8-Bit Load 


Z7L IHOVLIH 


Operation ed No.of | No.of 

MNEMONICS OP-code Operation 
aetna byes | States 

LD A,I 6 I-Ap 
LD A,R 2 6 Re > Ar 
LD A, (BC) ] § (BC) n> Ar 
LD A, (DE) 1 6 (DE) n> Ar 
LD A, (an) 3 12 (an) »— Ar 
LD I,4 2 6 Ar > Ir 
LD R,A 2 6 Ar >R- 
LD (BC),A 1 7 Ar —> (BC) 
LD (DE),A 1 7 Ar > (DE) 5 
LD (mn),A 3 13 Ar > (an) 0 
LD g,a’ 1 4 sr’ er 
LD g, (HL) 1 6 (HL) »—>@r 
LD gm 2 6 n—gr 
LD g, (IX+d) 3 14 (IX+d) mgr 
LD g, (IY¥+d) 3 14 (IY+d) ner 


[IHOVLIH 821 


Operation 


name 
LD (HL),» 


LD (IX+d), 


LD(HL).g 


LD (IY+d),s 


LD (IX+d),¢ 


LD (I¥+d) ry! 
, 01 110 ¢ 


i 


cena 


OP-code 


« d > 


00 110 110 S 
c gD 

11 011 101 S 
00 110 110 

< d »> 


< a > 

11 111 101 S 
00 110 110 

« | > 

{ - > 

01 110 ¢ 

11 011 101 

01 110 g 

« d > 

11 111 101 


« d >? 


No.of | No.of 
Operation 
| REL | Bytes | States 


a> (HL) ve 


a (IX+d) n 


a> (IY+d) n 


gr > (HL) n 
gr > (IX+d)n 


gr > (IY¥+d)n 


67 | IHOVLIH 


(2) 16-Bit Load 


Operation 
MNEMONICS OP~code 
| TMMED | EXT | 


ia Date 


Po ee 


LIND | REG | REGT | 


11 011 101 
00 100 001 
11 111 101 
00 100 001 
< on 
< 8 
HL j 11 111 001 
’ 11 O11 101 
11 111 001 
, 11 111 101 
11 111 001 
11 101 101 
01 wel 011 
< on 
< 8 
LD HL, (mn) | 00 101 010 
< on 
« 8 
LD IX, (mn) | 11 011 101 
00 101 010 
« on 


No.of | No.of 
Operation 
saceeniiminameeil bytes Staves 


HLa ~>SPe 
Xe SP. 


TY, —>SPr 


(un? 1) 5 —>wvHr 
(an) n> 0wLe 


(un+ 1) 0 —>He 
(an) a —>Le 


(ant 1)» —> XH 
(mn) o> TXLe 


17 6 4 2 1 «01 
'S ZH P/V NC] 


fie __] 
4 
H eee 


IHOVLIH OF! 


Operation i. ae No.of 


No.of 
OP-code Operation {e4 At 
a TT Bytes States eae C 


: 11 111 101 (ant 1)5—>1YHr 
16Bit DAT 00 101 010 (an) n> IYLr 
< > ; 
< | > 
; 11 101 101 19 w0Hr — (mn 1)» 
01 vv 011 vuLe > (an) » 
< > 
< > 
LD (un), HL | 00 100 010 16 He > (mnt 1) 
Le —> (mn) 
LD (mn), IX | 11 011 101 19 LXHr — (mnt 1)» 
00 100 010 IXLr > (an) 
< n >» 
< | > 
$ 11 111 101 4 19 TYHe —> (mnt 1) 0 
00 100 010 TYL- — (un) » 
|< n > 


MNEMONICS 


lft IHOVLIH 


(3) Block Transfer 


Operation IE inc ee No.of | No.of | Flag | Flag 
MNEMONICS OP-code Operation 4 
caiiatenaneaiamed Bytes | States H oe 


7 6 4 2 1 0) 
yA 
= ae 
Transfer 11 101 101 Ar- (HL) t 
Search 10 101 001 BCa-1->BCe 
Data HLa-1->HLa 
CPOR 11 101 101 Ble #0 Ar # (HL) 
10 111 001 BCe=0 or Ar=(HL) 
Ae ~ (HL) 
Q | BCa-1-8C, 
HLa-1-HLe 
_Repeat Q until 
Ar=(HL) or BC.=( 
CPI 11 101 101 Ar- (HL) 
10 100 001 BCa-1-9BCa 
HLa+1—>HLe 
CPIR 11 101 101 BCa #0 Ar 3% (HL) 
10 110 001 BCe=0 ‘or Ar=(HL) 
Ar (HL) 
Q | BCa-1->BC. 
HLa+1—9HLa 
Repeat Q until 
Ar=(HL) x or BCe=0 
LDD 11 101 101 (HL) 1 (DE) » ° 
10 101 000 BCa-1->BCe 
DEa-1—>DE. 
HLa-1—HLe 


@® P/V=0 : BCa-1=0 


@ 221 : Ae =(HL)n 
Z=0 3 Ar # (HL) n 


IHOVLIH ZE1 


Operation Addressing 


No.of 
Operation 17 6 42 1 0) 4 17 6 42 1 0) 1 0 
| IMMED | EXT | IND | REG | REGI | IMP | REL | Bytes States 'S Z HP/VN C. 


S/D (HL) a> (DE) R RR- 
12(BCe=0) | Q | BCa-1—>BCa 
DE. -1-DEe 
HLa-1—>HLe 
Repeat Q until 
BCa=0 
S/D (HL) n—> (DE) 
BCa-1—>BCe 
DEa + 1—DEa 
HLa+1—>HLe 
S/D (HL) —> (DE) » 
DEa+1—>DEn 
HLa +1—>HLe 
Repeat Q until 
BCa =0 


@ P/V=0 : BCa-1=0 
P/V=1 : BCe-1#0 


MNEMONICS OP-code 
name 
Block 
Transfer 
Search 


Data 


11 101 101 
10 111 000 


11 101 101 
10 100 000 


11 101 101 
10 110 000 


CCl IHOVLIH 


(4) Stack and Exchange 


Operation ee. ae No.of | No.of 
MNEMONICS| OP-code Operation a 
IMMED | EXT ssiasideaeaeeeania! me REL | Bytes | States 


PUSH zz 11 zz0 101 zzLe —> (SP=2) 
zzHr — (SP= 1)» 

SPa om 2—>SPa 
PUSH IX 011 S/D IXL, — (SP-2) nm 
100 IXHr —> (SP= 1)» 

SPa-2—>SPe 
PUSH IY 111 S/D LYL- > (SP=2) 
100 LYHr > (SP= 1) 

SPa-2—>SPe 


S (SP+1)n—>zzHr 
(SP) 5 —>zzLr 
SPa+2—->SPe 
S/D (SP+1)n—>IXHe 


(SP) 0» [XLr 
SPa +2—*SPa 
(SP+ 1 )ne —~ IYHr 
(SP) 4 —>LYLr 
SPa+2-*SPr 
AFaAFn’ 
DEa *HLa 
BCa *BCn ’ 

DEn DE.’ 

HLa *HLa’ 

Hr => (SP+1)m 
Lr (SP) x 
IXHr + (SP+1) 
IXL- e+ (SP) 


00 001 
11 101 O11 
O11 


EX AF, AF’ 
EX DE,HL 
EXX 


Exchange 


EX (SP),HL 100 


11 O11 101 
100 011 


EX (SP),IX 


IHOVLIH Vel 


Operation 


nape 
Exchange 


MNEMONICS OP~code 


EX (SP),IY|11 111 101 
11 100 O11 


Addressing 


IMMED | EXT | IND | REG 


REGI | IMP | REL | Bytes 


i 


No.of 


19 


Operation 
States 
LYH- + (SP+1) m 


| TYL-e* (SP) » 


CClLIHOVLIH 


3. Programs Control Instructions 


Operation 
MNEMONICS OP-code 


11 000 011 
< on > 

« 8 > 

11 101 001 
11 011 101 
11 101 001 
11 111 101 
11 101 001 


25 


nnimeeaaal 


No.of 
Bytes 


No.of 


States 


Operation 


PCHe -> (SP- 1)» 
PCL —> (SP=2) 14 
an—>PCe 
ontinue:f is true 
an:f is false 


(Br #0) 

(Br =0) 

Be - 1->Be 
continue: B-=0 
PCa +j—>PCa SB #0 


(f :false) 

(f :true) 
an—PCa:f is t 
continue:f is 
false 


IHNDVLIH 9¢1 


Operation a. re No.of No.of 

MNEMONICS OP-code Operation 
name IMMED | EXT | IND | REG | REGI | IMP a Bytes States 

JR j 


00 011 000 PCat j—->PCe 

« je2 > 
continue :C=0 
PCat j-PPCe C=] 
continue:C=1 
PCa + j->PCe 3C=0 
continue: Z=0 
PCa +j—>PCe 3 Z=1 
continue :Z=1 
PCa + j~>PCe 3 Z=0 

th : 


00 110 000 
« je2 > 


00 101 000 
« gr2 > 


00 100 000 
< j-2 > 


00 111 000 
¢ jr2 > 
11 001 001 
(SP+ 1) »—>PCHr 
ontinue:f is false 
RET :f is true 


11 f 600 


11 101 101 Return fros 
01 001 101 interrupt 

11 101 101 Return from 
01 000 101 non-maskable 


interrupt 


ZE1 tHOVLIH 


Operation | 
MNEMONICS OP-code 


ae RST v llv iil 


| 
| 


Addressing 
ed [en [1 [REG [sr [To [ 


No.of No.of 
Operation 
Bytes | States 


PCHr -> (SP-1)n 
PCL, —> (SP-2) 

0->PCHr 

v->PCLr 


fIHOVLIH 8cl 


4, I/0 Instructions 


Operation Addressing No.of 
MNEMONICS OP-—code Operation 
name a States 


INPUT 11 011 011 (Am) x —>Ar 
‘ gg > | ma Ag~As 
Ar —>Ag~Ais 
11 101 101 (BC): —>gr 
a g=110: Only the 
flags vill 
change. 
Cr > Ag ~Ay 
Br > Ag ~Ars 
INO g,(m) | 11 101 101 (00m)z gr 
00 ¢ 000 g=110: Only the 
flags will 
change. 
eA, ~ A, 
0o—>Ag~Ais 
11 101 101 (BC): — (HL) x 
10 101 010 HLa-1—>HLe 
Be - 1—>Be 
Ce Ag ~Ay 
Br —?Ag~Ars 
11 101 101 (BC): >(HL)n |X S X X TX 
10 111 010 Q | HLa-1—HLa 
Br - 1B 
Repeat Q until 
Br =0 
Cr —> Ag ~Ax 
Br Ag ~Ars 
1: Br-1=0 
=0 : Be-1#0 
=] : MSB of Data=1 
=0 : MSB of Data=0 


6C1 IHOVLIIH 


Operation ee 
MNEMONICS OP-code 
ssitierimaremenia! 


11 101 101 
10 100 O10 


11 101 101 
10 110 010 


No.of], No.of Fas 
Operation 
Bytes States 


e @ 
iieaw 


or orl. 


1 

Z _H P/V N 

® va 
(BC): —> (HL). AD AE ES 
HLa+1—>HLe 
Be - 1->Br 
Cr ~> Ao ~Ay 
Br —PAg ~Ais ® 


(BC)z ~(HL)n |X SX X fF X 


Repeat Q until 
Br =0 

Ce —>Ag ~Ay 

Br Ae ~Ars 


: Br-1=0 

: Be-1#0 

: MSB of Data=1 
: MSB of Data=0 


{HOVLIH Ol 


MNEMONICS OP--code 


Operation 
name 


OUTPUT 


OUT (m),A | 11 010 O11 


< } > 


OUT (C),g {11 101 101 


01g 001 


OUTO(m),g | 11 101 101 
00 g 001 
<  ] > 

11 101 101 


10 000 011 


OTIM 


11 101 101 
10 010 011 


11 101 101 
10 001 011 


oe ed 


Rc 


No.of, No.of 
Operation 
ie 10 Bytes rare 


iw] 


Oo 


S 


oS 


o 


Ar —> (Am) x 

nA, ~A+ 

Ar >Ag~Ars 

gr» (BC) 

CrP Ag ~Ay 

Br —PAg~Ars 

gr — (00m) z 

mA, ~A, 

Co—pAg~Ars 

(HL) n— (00C) x 

HLa+1—>HLe 

Cr+ 1—>Ce 

Be - 1—>Be 

Ce >A ~Ay 

Cop Aa ~Ars 
(HL) n> (00C) « 

14(B-=0) | Q | HLa+1—PHLa 

. Ce + 1—>Ce 
Br-1—>Be 

Repeat Q until 

By-=0 

Ce—>Ag ~ A, 

oo->Ag A, 

(HL) »—> (00C) « 

HLa-1—HLe 

C--19C, 


® ®@ 
Sof PT ft 


iv l IHOVLIH 


Operation 
MNEMONICS OP=-code 


OTIR 


QUTI 


OTDR 


11 101 101 
10 011 011 


11 101 101 
10 110 O11 


11 101 101 
10 100 011 


11 101 101 
10 111 011 


fo ed 


ae 


No.off No.of Flag 
Operation 6 421 0 
States Z HP/VN C 


B =0 


By =0 


Be - 1—>Be 
Ce —>hAo ~A, 
oo Ag Ars 


(HL) »—> (00C) « 


Repeat Q until 


Ce hg ~ Ay 
oo—Phe Ais 
(HL) n—> (BC) « 
12 (Be=0) | Q | HLat+1—HLe 
Br -1— Be 
Repeat Q until 


Ce Phy ~ Ay 
Be Phe ~Aas 
(HL) —> (BC) x 
HLa+1—>HLe 
By - 1->Br 
Cr Pha ~Ay 
Be —>Ae Aas 
(HL) «—~ (BC) x 
HLa-1—*HLe 
Be ~1->Br 
Repeat Q until 


Br-1=0 
Br-1#0 

MSB of Data=1 
MSB of Data=0 


IHOVLIH Cr 


Operation rt ae No.off No.of 
MNEMONICS OP-code Operation 
IMMED ccc Bytes States 


OUTD 
TSTIO » 


11 101 101 
10 101 011 


11 101 101 
01 110 100 
< r > 


fie 


17 6 42 1 0) 
eee 


See 
Be ~> Ag ~hAis 
(HL) n> (BC) x 
HLa~1—>HLa 
Br - 11> Be 

Ce Ag ~ Ay 
Be Ag ~ Aas 
(00C) r °S 

Ce Ag ~ Ay 


compa ~ Ars 


: MSB of Data=1 
: MSB of Data=0 


Cyl IHOVLIH 


5. Special Control Instructions 


Operation 
MNEMONICS OP-code 


eal 00 100 111 S/D 
Function 


No.of | No.of 
-TANED [EXT [IND | REG | REGT | TWP [ REL | Bytes | States 


Carry 00 111 111 
entre! 00 110 111 


11 110 011 
11 111 011 
01 110 110 
11 101 101 
01 000 110 
11 101 101 
01 010 110 
11 101 101 
01 011 110 
00 000 000 
11 101 101 
01 110 110 


Operation 


Decinal 
Adjust 
Accusulator 
pe 
pee 


1~ IEF 

CPU halted 
Interrupt 
node( 
Interrupt 
sode! 
Interrupt 
wode2 

No operation 
Sleep 


B. Instruction Summary in Alphabetical Order 
2 2 6 


ADC Am 
ADC A,g 1 2 4 


ADC A, (HL) 1 2 6 


ADC A, (IX+d) 3 6 14 


ADC A, (IY+d) 3 6 14 
2 
1 
A, (HL) 
A, (1X+d) 
A, (1¥+d) 


ADC HL,wv 


ADD HL,wv 


ADD IX,xx 


ADD IY,yy 


AND » 2 2 6 


AND g 
AND (HL) 1 2 6 
AND (IX+d) 3 6 14 
AND (IY¥+d) 3 6 14 
BIT b, (HL) 2 3 9 
BIT b, (IX+d) 4 5 15 


BIT b, (IY¥+d) 4 5 15 


BIT be 2 2 6 


6 


CALL f,an 
(If condition is false) 
16 


(If condition is true) 


144 HITACHI 


MNEMONICS 


CALL an 6 16 
CCF 
CPD 
CPDR 
(If BCa #0 and Ar # (HL)») 
12 
(If BCe=0 or Ar=(HL)») 
CP (HL) 2 6 
CPI 6 12 
CPIR 8 14 
(If BC. #0 and Ar # (HL)n) 
6 12 
(If BCe=0 or Ar=(HL)») 
CP (IX+d) 6 14 
CP (IY+d) 3 6 14 
CPL 1 1 | 3 
CP » 2 2 6 
CP g 1 2 4 
DAA 1 2 4 
DEC (HL) 1 4 10 
DEC IX 2 3 7 
DEC IY 2 3 7 
DEC (IX+d) 3 8 18 
DEC (IY+d) 3 8 18 
DEC « 1 2 4 
DEC ww 1 2 4 
DI 1 1 3 
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MNEMONICS No of bytes No of Machine No of states 


9 (If Be # 0) 


7 (If Br= 0) 


3 


EI 1 1 


4 


EX AF, AF’ 1 2 


EX DE,HL | 1 1 3 


EX (SP),HL 16 


EX (SP), IX 19 


EX (SP),IY 19 
EXX 
HALT 
IMO 
IM] 


IM2 


INC ¢ 


INC (HL) 1 4 


INC (IX+d) 


INC (TY+d) 3 8 - 


INC wu 1 2 


IX 


INC 
INC IY 2 
IN A, (m) 2 
IN a, (C) 
INI 


INIR 2 14 (If Be #0) 


(If Br=0) 


14 (If Be #0) 
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No of bytes 


MNEMONICS 


| INDR 


4 12 (If Br=0) 


4 12 


INO g, (=) 


JP f,an 6 


(If f is false) 


(If f is true) 


JP (HL) 1 3 


JP (IX) 2 6 


JP (TY) 2 6 


JP an 9 


JR Z,3 2 6 


(If condition is false) 


(If condition is true) 


6 


(If condition is false) 


(If condition is true) 
8 
6 


condition 


condition 


condition 
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MNEMONICS 


LD A, (BC) 


1 2 6 


LD A, (DE) 1 2 6 


LD A,I 
LD A, (mn) 

LD A,R 
LD (BC) ,A 
LOD 
LD (DE),A 
LD vv.en 
LD wv, (sn) 


LDDR 2 6 14 (If BC. #0) 


(If BCe=0) 
LD (HL),» 
LD HL, (mn) 
LD (HL).e 
LDI 
LD I,A 


LDIR 2 6 14 (If BC. #0) 


(If BCa=0) 
LD IX,en 
LD IX, (mn) 
LD (IX+d),» 
LD (IX+d),« 
LD IY,an 
LD IY, (sn) 
LD (IY+d),» 


LD (IY¥+d).¢ 
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MNEMONICS No of bytes No of Machine No of states 


LD (an),A 3 5 13 

LD (mn),vv 4 7 19 

LD (an) ,HL 3 6 16 

LD (mn), IX 4 7 19 

LD (an),IY 4 7 19 

LD R,A 2 2 6 

LD «, (HL) 1 2 6 

LD a, (1X+d) 3 6 14 

LD g, (IY+d) 3 6 14 

LD ge 2 2 6 

LD «.e’ 1 2 4 

LD SP,HL 1 2 4 

LD SP,IX 2 3 7 

LD SP,IY 2 3 7 

MLT wv 2 13 17 

NEG 2 2 6 

NOP 1 1 3 

OR (HL) 1 2 | 6 

OR (IX+d) 3 6 14 

OR (1Y#d) 3 6 14 

OR s 2 2 6 

OR « 1 2 4 

OTDM 2 6 14 

OTDMR 2 8 16 (If Be #0) 
2 6 14 (If Be=0) 

OTDR 2 6 14 (If B #0) 
2 4 12 (If Br=0) 
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MNEMONICS 


| 2 6 14 


16 (If Be #0) 
(If Be =0) 
(If Br #0) 
(If Br=0) 
OUT (C),« 
OUTD 
OUTI 
OUT (m),A 
OUTO (m),¢ 
POP IX 
POP IY 
POP zz 
PUSH IX 
PUSH IY 
PUSH zz 
RES b, (HL) 
RES b, (IX+d) 
RES b, (I¥+d) 
RES bg 


RET 9 


5 


RET f 


(If condition is false) 
10 
(If condition is true) 
12 


12 
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MNEMONICS No of bytes No of Machine No of states 


RLA 

RLCA 

RLC (HL) 
RLC (IX+d) 
RLC (1¥+d) 
RLC g 

RLD 

RL (HL) 

RL (IX+d) 
RL (IY¥+d) 
RL ¢ 

RRA 

RRCA 

RRC (HL) 
RRC (1X+d) 
RRC (1Y¥+d) 
RRC 

RRD 

RR (HL) 

RR (IX+d) 
RR (IY+d) 
RR « 

RST v 

SBC A, (HL) 


SBC A, (IX+d) 


SBC A,n 


19 
19 
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MNEMONICS 


SBC A,g 


1 2 4 


SBC HL, vw 2 6 


| SCF 


SET b, (HL) 2 5 


SET b, (IX+d) 4 7 


SET b, (IY+d) 4 7 


SET 


b,g 


SLA (HL) 2 5 


SLA (1X+d) 4 7 


SLA (1Y+d) 4 7 


SLA g 


SLP 


SRA (HL) 2 5 


SRA (IX+d) 4 7 


SRA (IY+d) 4 7 


SRA ¢ 


SRL (HL) 2 5 


SRL (IX+d) 4 7 


SRL (IY+d) 


SRL 


| SUB (HL) 1 2 


SUB (IX+d) 3 6 


SUB (IY¥+d) 


SUB » 


SUB « 


TSTIO ao 


TST g 
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TST a 3 3 9 


TST (HL) 2 4 10 


XOR (HL) 1 2 2 6 


XOR (1X+d) 3 6 14 
XOR (IY+d) 
XOR a 


XOR « 


HITACHI 153 


IHOVLIH 7S 


Table 1 HD64180 Op-code Map 


lst op-code 
Instruction format : X_X 


vv (LO=ALL) 
BC |DE |HL | SP | 


g (LO=0~7) 


eae cael ttn 
[BC |DE |HL{|AF {zz | 
NZ |NC |PO| Pit 


|B] D JH | (wl) B | D | H | i) | | OOH | 10H | 20H | 30H |v 
| L001 | 1010 | 1042 | 1200 | 1201] 1120 | 1122 | 


soee more; 
Pofits ts tatetetrt Bie aAtTBic |]DTETF I 
PR_NZ,JIR NC, J ee 


JP mn PUT(m) EX(SP)} DI 
»A{ HL 


CALL f,an 


2a 3 | _ _____ INC £ (NOTEN 


| L [010i 5 | DEC ¢ (NOTED) ee 

| (HL) | 0110 | 6 | LD gom (NOTE 1) 20D Ayam SUB = AND = 
— an ae 

BS fee RR 

ADD HL, av RET P(HL) 
2 A, (vw) ie a 

aa ae eT 
[cil tym | 
Elkan [NOTED] Tabor] _D 
NOC A aBBC_ Ava 


g (LO=8~F) 


dew 2poo-do °9 


NOTE 1) (HL) replaces eg. 
2) (HL) replaces s. 


3) If DDH is supplemented as Ist op-code for the instructions which 
have HL or (HL) as an operand in Table 1, the instructions are executed 
replacing HL with IX and (HL) with (IX+d). 


ex. 22H : LD (mn), HL 


DDH 22H : LD (mn), IX 


If FDH is supplemented as lst op-code for the instructions which 
have HL or (HL) as an operand in Table 1, the instructions are executed 
teplacing HL with LY and (HL) with (1Y+d). 


ex. 34H =: INC (HL) 
FDH 34H : INC (IY+d) 


However, JP (HL) and EX DE, HL are exception. 
Note the followings. 
If DDH is supplemented as Ist op-code for JP (HL), (IX) replaces (HL) 
as operand and JP (IX) is executed. 
If FDH is supplemented as Ist op-code for JP (HL), (IY) replaces (HL) 
as operand and JP (LY) is executed. 
Even if DDH or FDH is supplemented as Ist op-code for EX DE, HL, HL is 
not replaced and the instruction is regarded as illegal instruction. 
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IHOVLIH 9S 1 


Table 2 HDG64180 Op-code Map 


2nd op-code 
Instruction format : CB x x 


b (L0=0~7) 


POT e2 ate pop eat ate to 24 6 
0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 9111 | 1000 | 1001 | 1010 | 1011 | 1100 [-1101 | 1110 | 1111 
Or eee a foe 878 OS) As) Bee 1 DR PR 


' BIT bog RES byg SET b,g 


(NOTED (NOTED “(NOTE 1) 


a 
pa) 
< 


(HI = 


BIT bg RES b,@ SET b,g 


| AJ lili] FL 


b (LO=8~F) 


NOTE 1) If DDH is supplemented as lst op-code for the instructions which have (HL) as 
operand in Table 2, the instructions are executed replacing (HL) with (IX+d). 
If FDH is supplemented as lst op-code for the instructions which have (HL) as 
operand in Table 2, the instructions are executed replacing (HL) with (IY+). 


ZS 1 tHOVLIH 


Table 3 HD64180 Op-code Map 


2nd op-code ww (LO=ALL) 
Instruction format : ED_X Xx /BC{DE|HL| SP. 
g (L0=0~7) 


reyes] [s|[>| a] 
Ry CC Coo 
tet eta ate re eee ee 
foopof mM n@ [me ‘tor [oom 
CO [cer [ crm 
foo 2 


[se tye rota 
Foon [3 [nog [or ro orn 
ste Sti 


jo1on | 6 | 
110 | 6 | 
O11 
oe | ee) 
rans EMEC] 
| LD ww, (nn) | OTDM | OTD OUTD | OTDR 


ge (LO=8~F) 


D. Bus and Control Signal Condition in each Machine Cycle 


lst op-code | Ist 
‘| ADD HL,vv MC,| T.T2Ts Address 
MC} TiTiTiTi 


P_3 
ala | 
wn 


(o) 
roy 


Ist op-code 
ADD IX,xx Ty TaTs Address cod 
ADD IY,yy 2nd op-code 
MC.) T. Ta Ta Address co 


1st op-code | Ist 
MC.) T,1.Ts Address op-code 
ADC HL,vwv 2nd op-code | 2nd 
SBC HL,wv Address 


=x = = 
@ @ 


lst op-code 
Address| 


ADD A,w 

ADC A,m lst op-code 
SUB = T, T2Ts Address 

SBC A,m 


AND » 
OR » lst operand 
XOR w, CP os Address 


ADD A, (HL) 

ADC A, (HL) Ist op-code 
SUB (HL) Address 

SBC A, (HL) 

AND (HL) 

OR (HL) 

XOR (HL) 

CP (HL) 

ADD A, (1X+#d) Ist op-code 
ADD A, (1¥+#d) Address 

ADC A, (IX+d) 

ADC A, (TY+d) 

SUB (IX+d) 2nd op-code 
SUB (IY+d) MC,j T1121, © | Address 

SBC A, (IX+d) 
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LI HALT ST 


AND (IX+d) 
AND (TY+#d) 
OR (IX+d) 
OR (IY+d) 
XOR (1X+d) 
XOR (IY¥+d) 
SBC A, (IY+d) 
CP (IX+d) 
CP (1Y¥+d) 


BIT b, (HL) 


a «(0 
fm fom_| 
Ist op-code | Ist 
Address op-code 


=z = 

a ls | 
) 
= 

i ~ 

~ — 

0 ny 

a4 


T 


2nd op-code | 2nd 
cent 
Poicoagad Fa 
T, T2Ts Address 
3rd op-code | 3rd 
a] T1732 Ts Address op-code 
IX+d 
eae I¥+d DATA al 


lst op-code | lst 
1, 1,T, Address op-cod 


lst operand 
MC,/ T.73Ts Address 
2nd operand 
CALL an MC,| T,1,T; Address 


welts [oer [ro | a 


BIT b, (IX+d) 
BIT b, (1¥+d) 


i=) 
= 


Fi 
pate 


-~— 


eae | ist op-code | Ist 
CALL f,an T. TT; Address op-coda 
| (If conditio & Ist operand 

is false) T,12Ts Address heated 
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LIR HALT ST 


— 
1) 


State! yooness | nia 
lst op-code | lst 
Address 
2nd operand 


° 
a 


T 


T 


io) 


CALL f,an 
(If conditio 


x= |; m4 = Cx 
a ie) 2) “Ge 
@ n Cs re) 


T,T2Ts 
T2Ts 
T3Ts 

erer 

rTaTs 
T3Ts 


e ea 
iss | La 
is true) ae = 
lel eee. 4 iz 
. Lae 
lst op-code | Ist 
CCF MC,/] TT; Address op-code 
lst op-code | lst 
MC,| T, T2T, Address op-code 
2nd op-code | 2nd 
MC./ T,T2Ts Address op-code 
CPI 
CPD MC,| T,T2Ts; HL DATA 
MC, 
MC,j TiTiTi 


lst op-code | Ist 
T; Address op-code 


T 


2 


“et 
CPDR C3] 1,121; Address op-code 
(If BC. #0 and 
Ar # (HL) =) T, 12 Ts HL 


lst op-code | Ist 
tz 1. 1, Address op-code 


CPIR i 2nd op-code | 2nd 
CPDR T.12Ts Address op-code 
(If BCe=0 or 

Ar =(HL)») Ti Ta Ta DATA 


MC,| T.1T2 Ts Address op-code 
TT. Ts Address op-code 

tne | Ist op-code | Ist 
al2Ts Address op-code 


x = x 4 
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DINZ j 
(If Br #0) 


DINZ j 
(If Br=0) 


= Ist op-code 
Address 
|_ Me 

Ist operand 
fae Address 
ei lst op-code | Ist 


T, 1,1; Address 


| EX DE,HL lst op-code | Ist 
EXX MC,! T.73T, Address : 
lst op-code | Ist 
Ti Tals Address 
ca are 
a T; T; 


EX (SP) ,HL 


EX (SP), 1X 
EX (SP),IY 


lst op-code 
T Address 


Ela 
abi tet, 
Pe 
lst: op-code | Ist 
MC,/ T. 1 Ts Address op-code 
2nd op-code | 2nd 
T, T.T, Address p-code 
als Ts 


Se ee 
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co gn ome [ [|] 
uycle 
ee eee 
r SP+1 IYH 1] 1 
[of ol of fal ata 
ie a 
tn _|tnicots [orreotd of 1] of a[ of af e 
1,1T2Ts Address op-code 
Ft follow ]o alo 
oad AI 
T, 1, Ts Address op-code 
mal titaty [iserere [orventy o| 1] 0] 1 0) 
MC.] T,1,Ts Address op-code 
nal tatets_|tateese r” [errcoad_o| | 0] 1] 0 
INC ¢ MC,j T. Ta To Address : . | op-code 
meted | | 
MC.} Ti 
j ist 
orcodg_) 


DATA 


| EX (SP),1IX 
EX (SP),IY 


lst op-code 
Address 


Sey 


HL 


Ti 
1, T2T DATA 


Ist op-code }| Ist 
Ta lals Address op-code 


2nd op-code | 2nd 

MC,! T,12T; Address op-code 
Ist operand 
Address 


INC (1IX+d) 
INC (1Y+d) 
DEC (IX+d) 

DEC (1Y+d) 


IxX+d 
aoe Ist op-code | Ist 
MC,} 1,12 T, Address 
i a ee ee 

Ist op-code | ist 

2nd op-code | 2nd 
fe T,T:T, | Address op-code 


CA as ee 
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Ke States! snpress | paTA | RD| OR| 


Ist op-code | Ist 
1) 1.17.17. Address op-code 
IN A, (m) 
il 


lst operand ao 
a13Ts Address 
m to Ao~A, be 
Ta A to A,~A,, ; DATA 

Prleggad all 

aT2Ts Address op-code 
IN g,(C) 2nd op-code eae 

2| 1: TsTs Address op-code 

Ist op-code 
1| 11 73Ts Address ne 
2nd op-code eal 

rerer Address op-code 


1 st operand 
C,| T.T2Ts Address 


ge 


= — — 
td oe 


OQ 


= 
‘e) 


= = = = = 
BOOS is is [5 is Fos | 


qf Ti 


~— 
ce) 
pond 
e 


lst op-code |} Ist 
C,| T,12Ts Address 
INI MC,| T.T2Ts 
IND 
C3 TT; 13 BC 


lst op-code | Ist 


oO 


1| IT. 72Ta Address op-code 
2nd op-code | 2nd 
Address op-code 


Cc 


INIR 
INDR 
(If Be #0) 


iTaTs 


= = 4 x 
a la la jaz is | 
PE EE 

Lod 

= 

=) 

w 
aii 


MC,| T. Tz Ts 


HL 


= 
(oe) 
a 


MC,} TiTi 
lst op-code | lst 
GZ Address op-code 


2nd op-code | 2nd 
; Address op-code 


T 
MC,| T. Ta Ta BC 


1,T,T, |HL  * DATA 


MC,j Ta 


T 
INIR 
INDR MC,| T,T 
T 


pa 
oo ” 


(If Br =0) 
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; States | snpress | DATA 


lst op-code | Ist 
JP an 


“Ge 
a 


Address 
lst operand 
Address 
2nd operand 
Address 
Ist op-code 
Address 
Address 
Ist op-code 
Address 


Ist operand 
Address 

lst op-code 
Ae me ee Address 
lst op-code | Ist 
Address 
2nd op-code 
Address 


lst op-code 
Address 


lst operand 
Address 


Ist op-code 


lod 


ir 


JP f,mn 
(If f is 
false) 


JP f,an MC,} T 
(If f is 
true) 


C; 


§ 


= = =z =x = 
p= 


lst op-code 
Address op-code 


(If condition lst operand 
is true) Ti Ta Ts Address 
a 
Ist op-code | Ist 
»| Ti T ——— op-c 


a op-code 
MC, Address 


=x 
aa 
o 


a 


= 
RRR 
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| os [on [law 
ycle 

lst op-code | ist 
LD g, (HL) MC,! 1. T2Ts Address op-code 


MCa|T,TsT, [HL = [DATA [| O| 1] 0| 
lst op-code | lst 

al lalels Address ee ta 
2nd op-code | 2nd 


LD g, (1X+d) 
LD g, (1Y+d) 


=x = = 
a (5 [is las | 


Ist operand 
Tela ts Address 
IX+d 
s| T1 Ta Ts IY+d DATA 


Ist op-code | Ist 
MC,i T,1T3T, Address op-code 


xz = 
aa 
“ 
nol 
we 
mm 
po 


(7) 


LD (HL),g =| MC, | T Rees ee 
MC T.T.T. [HL [ae | 


i a EE aR ee 
117s PAO oO) ot 
lst op-code | Ist 

2nd op-code | 2nd 

lst operand 
Jun | | 


Ist op-code | Ist 

Address op-code 
lst operand 

ee [rea tatete [tasers || 


(IX+d) .6 
LD (IY+d),¢ 


C, 


T 
Jrsn 
T 


x 
ai 
e fo. 
. a 
w_| 1) 
tar [tasers opendg_o: 

1, T, Ts Address op-code 
T, Ts e 
it lo 
‘* Fi 
TT: ha 
Lo 


1 
a 
2 


ey 


=x = 4 =x =z x 
a ls [Fy iz [a [a [zala 


or) 


al 
2nd op-code | 2nd 
lst operand 
2nd operand 
MC,| T,T Address 
IX+d 
lst op-code | Ist 
Ti13Ts Address ° op-code 


LD (IX+d),m 
LD (IY+d),» 


NC, 
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| os [om [all 
ycle 

LD A, (BC) BC 
LD A, (DE) MC) T,T2 DE 


7 ol alo. 
hoes | lst op-code | Ist Ka aaa 
111 Tz Ts Address op-code 
| wares |» | of af o. 
2 iTaTs Address 
LD A, (mn) 2nd operand Ee eral 
MC,/T, T2Ts Address 
Ts 


MCalfaTaTs 


So 
td 
— 
> 


nn 


io) 


; 


= 4 


So 
=> 
ome 
> 


oo 
a 


lst op-code | Ist 
Address op-code 


DE 


lst operand 
LD (mn),A MC,T,T2Ts Address 


lst op-code | Ist 
MC,/T, T2T, Address op-code 


ae lst op-code | Ist 

Address 
ee ill 
1T3T; Address 


lst op-code | Ist 
Address op-code 


rats _[iaiere [on r 
Address ane 
lst operand 
ee ee ee 
Pe ied 
Address 
LD HL, (an) ie MG 
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He as States | appRESS 
ycle 
la 2nd operand 
T; Address 
ia Ist op-code 
MC, Address 
ied 2nd op-code 
MC,/ T,1T.T, Address 


lst operand 
ree Address 


ro" 
ps 
re) ) ” 


Ts 


T,T 

T, TT: 
T an+ i 

T,T2T 


LD vw, (mn) 


an 


Yo) 


ry 
ad » 
oe 


1,121; an+l 
Ist op-code } Ist 


Ti lals Address 


Address 
Address 
Address 


a 
a 


T 


x = 4 = 
] Cy a 
a 


T 
iT3T 
C3] 1, 12T 

T2T 


MC,I Ts 


P 4 

” ~ 

w re 4 
g 


oo 
oo 


lst operand 

Address 

2nd operand 
P; Address 
7 ee ee Ee 
ee eer 
Ti Tz Ts antl 


T,T2Ts 
T, Tz Ts 
rTals 

TaTs 
T2Ts 


vod 


i) 
e iad 
w Lo) we 


=x =x = 
a 


MC, 
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DATA 


Stat 


lst op-code | Ist 
Address op-code 
2nd op-code | 2nd 


| 
~ 
re 


-Q 


Ts 


1 


w 
oe | 
ry 
w 


Address op-code 
lst operand 
Address 
2nd operand 
Address 


T 
TT; 
LD (en),vw 
T 


Ts 


T2 Ts 


= =z =z = 4 = = 
a a a *) 
fo | nal onal 
few - 
be Cy ~ 
e 


T 


< ; 


an+] 
Ist op-code | Ist 
113T, Address op-code 
2nd op-code | 2nd 
iI3Ts Address op-code 
lst operand 
Address 
2nd operand 
Address 


iI3T 
iTaT 


T 


ml 


=~ 4 4 
i) 
i) 


1 


LD (wn) ,IX 
LD (an), IY 


ala Ts 


iIzTs 


= 4 x 


= 
° 
oj 
rv 
" 
o 
om 
e 


an IYL 
IXH 
ala an+] IYH 


Ist op-code | Ist 
Address op-coda 0 


[st op-code | Ist 
Address op-code 
2nd op-code | 2nd 
Address op-code 


lst op-code | Ist 
Address op-code 


ool 


i 


LD SP, IX 
LD SP,IY 


2nd op-code | 2nd 
Address op-code 


HL 


= = 
8 Cy 
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ST 


+ 
=] ms [om [ow] 
Ist op-code | ist 
T, 13. f; Address op-code 
2nd op-code | 2nd 
al Tg leds Address op-code 
T,12T; HL DATA 


~MC,} TiTi 


lst op-code | Ist 
TL I3Ts Address op-code 


2nd op-code | 2nd 


inci in 


Cue 
“<e 
a 
pant 
@ 


oe) 
~ 


Oo 


LDIR 
LDDR 
(If BC. #0) 


Ca 


= 4 = P 4 


2| T,T2Ta Address op-code 


aj Ti TaTs 


mee 
2nd op-code 
1,131, Address : 


TiTiTiTi 
TiTiTiTi 
TiTiTi 


2nd op-code | 2nd 
Ti Isls Address op~code 
lst op-code | Ist 
MC, Ti T; Ts Address op-cod = 
i Tz Ts 
i T; Ts 
Ti 
24a 


x = xz = x = 
w « ” _ le 
mand 
td 
onal 
rr) 
q 
w 


MC, 3 


lst op-code 
Address 


a | 
. 
Lad 


Ist op-code | Ist 
lst operand 
wr wt | vcdrets [asrers te | 0] af of 
fed | | TE 
unt [tetokela [a] of a] o. 
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States 


incon | 


a 


OUTO (pm), 


i 
pd 
onl 
- 


Ze 
ie) 


lst op-code | Ist 
Address op-code 
2nd op-code | 2nd 

Address op-co 


vend 


— 
ut ® 
jue 


il2 Ts 


my 


= = 
@ 


a 


C,| T, T2Ts 


BC 
lst op-code | Ist 


Ti TaTs 


MC,i T,T2Ts Address op-code 

2nd op-code | 2nd 

MC,| T,T2Ts Address op-co 
Ist operand 


MC,/] T, T2Ts Address 


~ 


wp to Ae ~A, 
Ti Tz T ' OH to Ae ~A, ry 
Ist op-code | Ist 


1) T.T2T Address op~code 


er 
2nd op-code | 2nd 
MC,] T.1:Ts Address op-code 


= okt = 
hal oe 
oj 
pute 
a 
Ld] 


lst op-code | Ist 
wle is Address op-code 


2nd op-code | 2nd 
alaTls Address op-code 


HL 


wal 
re) 


ol 


OTDR 
(IF Be #0) 


OQ 
CJ 
od = 
no ~ 
mad al) 
rey oe 
rey rey 
wo 
Co) 
o 
bd 
= 
= 

a. 

a 


x= 
OQ 
“ 


MC,| TiTi 
aIzT, Address op-co 
2nd op-code | 2nd 


-— 


= 
cS) 


ina 
= 
ol 
=] 
@ 


= 
C 
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CoE 
Ze 
fo) 
fumed 
@ 


States | a npress DATA 


: Ist op-code | Ist 
MC, i T; T Address op-cod = 
2nd op-code | 2nd 
OTIM MC,| T.1T,T; Address op-code 
OTDM 
NC, 
i ol 
00H to Ae~Ais DATA ta 


lst op-code | Ist 
1] T,13Ts Address op-code 


2nd op-code | 2nd 
2 T,1T.Ts Address 


A fe 
C to Ag~A, 
MC, T,TsTs 00H to Ae~Ais 


MC, 
MC,; TiTiTi 
lst op-code 


MC, 1,137; Address 
2nd op-code | 2nd 
MC, T,1I.T; Address 


= = 
a is | 
e 


a 


OTIMR 
OTDMR 
(If Br #0) 


eo) 


1,121; OOH to Ae~Ax s DATA 


a ae 
lst op-code | Ist 

C,j 1. TaTs Address 

ae ae 


lst op-code 
T.1T3Ts Address 


= =x = =x =x 
| oa is is is ie i ois fa | 
a w @ 
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States 


co 
booed 
= 


ae SG 


POP IX 
POP IY 
lst op~-code 
A ogg al 
brladiggl bool 
27T2T Address op-cod 


ney 

ont 

aa a 
| PUSH IX MCs 
PUSH IY —s EMC,| TiTi 

ote tet 

a 

refs | 


ae 
2 


lst op-code | lst 
T,T Address op-code 


RET f 
(If conditi- 
on is false) 


lst op-code | Ist 

Address op-code 
[st op-code | Ist 
Address op-code 


RET f 
(If conditi- 
on is true) 


eee] PP eR ER | eT LE [® 
iss] 
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: States 

me | om 

ycle 
RETI T 
RETN 

2 

lst op-code 

NC, Address 


3 
lst op-code 

MC, Address op-code 

ines 

1 

1 


2nd op-code | 2nd 
T,1T.T; Address op-code 


lst op-code | Ist 

T,T2Ts Address op-code 
2nd op-code | 2nd 
Address 


HL 

Ist op-code | Ist 
nal tatary_[ arene | orod 

2nd op-code | 2nd 
fol tat 
(1X+d) lst operand 
(tea) [wl tarts [towese [a 


(1X+d) 
(1Y+d) 
(1X+d) 
(1Y+d) 


(1X+d) 
(1Y+d) 
(IX+d) 
(1Y+d) 


(1X+d) 
(T¥+d) 
lst op-code | Ist 
MC, Address op-code 


(1X+d) 
(1¥+d) 


MC; 
MC 
MC, 
MC, 
MC, 
NC, 
MC 
MC, 
C; 
[ae wee ae 
foun [ive [om 
| T.T2Ts I¥+d DATA 
1.12 T, 
ne tars |tanere [osc 
T, T.Ts Address op-code 
T, 13 Ts DATA 
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RLD 
RRD 


SCF 


b, (1X+d) 
b, (1Y+d) 
b, (IX+d) 
b, (1Y¥+#d) 
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States 
le 


< 
: 


He 
MC, 
MC, 


TiTiTiTi 


MC,| T, Ta Ts HL 


lst op-code 
Address 


SP-1 


MC, 


fn 
lst op-code 


MC,| T,T2Ts Address 


Ist op-code 
MC,j T.T2Ts Address 


Ti T2Ta 


T,T2Ta 


2nd op-code | 2nd 
1, TaTs Address op-code 


ry 
w 


lst op-code 
Address 
2nd op-code 
Address 


o 


x = = 
@ B) 


MC, . {a 


L 

lst op-code 
MC, T, Ts Address 
MC,| T,1T2Ts 


2nd op-code 
Address 
lst operand 
MC, Address 
3rd op-code 
MC, 
al 
, 
T, Tz Ts 


aT 


7 


T 

T2Ts Addrees 
IX+d 

T2Ts TY+d 


1 
1 
1 


Laon | Leen | 
~ 
rey 


Ist 


op-code 


Ist 


op-code 


lst 


DATA 


So 


aed eae 


Ze 
ie] 
p= 
e 


Cam 


States ADDRESS 
lst op-code | Ist 
Address op-code 

c 


2nd op-code | 2nd 


SLP 


a 


iI3Ts 
alals Address op-code 


Ist op-code | Ist 
al IateTs Address op-code 
TSTIO a 2nd op-code | 2nd 
2} 1,1 T; Address op-code 
Ist operand 
ai 1,121; Address 
C to Ag~A, 
al T172Ts DOH to A,g~A,s| DATA 
= lst op-code | Ist 


_ 
rv rv) 


= 
(or) 


ae 
FT I 


a 


= x B=4 = =z 


C,j 1,131. Address op-code 


2nd op-code | 2nd 
2 Address op-code 


wal 
td 


lst operand 
Address 


iTaT 
172T 
il 

T 


T 
T 
T 


INTERRUPT 


3 

lst op-code | Ist 

TST g 2nd op-code | 2nd 
re Address op-code Ral 
Ce Sine Seeee: = oe 

lst op-code | Ist 
at 1172 Ts Address op-code aan 

2nd op-code | 2nd 
Ist fof a] 
| ve eg San ae as 
nm 


Next op-code 
Address (PC) 


MC, 
| NMI MC} TiTi 
c = 


T, TaTs 
T, 12 T, 


T, T, Tw Next op-code@ Ist 
—_—- 
MC,) Titi 


INT, MODE 0 
(RST INSERTED) 
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States 
| mes [om [alam 
ae, — ale 


Teles 
Next op-code 
Address (PC) 


| INT, MODE 0 
(RST INSERTED) 


INT, MODE 0 
(CALL- 
INSERTED) 


INT, MODE 1 


Next op-code 
Address (PC) 


Next op-code 
Address (PC) 


INT, 
INT, 


Internal 


Interrupts 


PCH 
DATA 
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ZZ1 IHOVLIH 


Current Normal Operation Interrupt SYSTEM STOP 
Status (CPU mode) WAIT State Refresh Cycle Acknowledge OMA Cycle Bus Release SLEEP Mode 
Request (IOSTOP mode) Cycle os Mode 


Refresh Req. Refresh cycle Not acceptable Refresh cycle Refresh cycle Not acceptable | On-chip refresh 
(Request of begins at begins at begins at controller stops 
Refresh by the on-chip the end of MC. the end of MC. | the end of MC. | 
Refresh Controller) 


OMA Req. OMA cycie DMA cycle Acceptable Acceptable Acceptable Acceptable Acceptable Acceptable 
begins at the begins at the *, Refresh cyclel *, OMAcycle Refer to * After Bus * After CPU * After CPU 
end of MC. end of MC. precedes. begins after “29DMA release cycle, exiting from exiting from 

DMA cycle Ist interrupt | Controller” DMA cycle SLEEP mode,; SYSTEM STOP 
begins at the acknowledge | for details. begins at the DMA cycle mode, OMA 
end of one cycle. end of one begins at the cycle begins 
MC. MC. end of one at the end of 
MC. one MC. 
Bus Req. Bus is released Ignored Bus is released 


at the end of 
MC. 


Not acceptable 


at the end of 
MC. 


Accepted after 
executing the 
current 
instruction. 


Bus is released Ignored Ignored 
at the end of 
MC. 


Not acceptable Acceptable 
Return from 
= " SLEEP mode 
to normal 


Acceptable 
DMA cycle 
stops. 


INTo, INT1, 
INT2 


intaieuet 


Internal 
1/0 
Interrupt 


Not acceptabie 
interrupt 
acknowledge 
cycle precedes. 
NM| is accepted 
after executing 
the next in- 
struction, 


NOTE) * ; not acceptable when OMA Request is in level sense. 
tT : same as the above 
+ ; same as the left 
MC: Machine Cycle 


spoyy BujeiadgQ Yyoeq ui sooue;dao0y jsanbay “1-3 


E-2. Request Priority 
The HD64180 has the following three types of requests. 


Type 1. 
To be accepted in specified state = .......... WAIT 
Type 2. 
To be accepted in each machine cycle .......... Refresh Req. 
DMA Reg. 
Bus Req. 
Type 3. 
To be accepted in each instruction .......... Interrupt Req. 


Type 1, Type 2, and Type 3 requests priority is shown as follows. 
highest priority Type 1 > Type 2 > Type 3 lowest priority 
Each request priority in Type 2 is shown as follows. 


highest priority Bus Req. > Refresh Req. > DMA Rea. lowest priority 
(NOTE) If Bus Req. and Refresh Req. occurs simultaneously, Bus Req. 
is accepted but Refresh Req. is cleared. 
Refer to ‘‘2.7 Interrupts” for each request priority in Type 3. 
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F. Status Signals 


The following table shows pin outputs in each operating mode. 


eae, (3 ae S\= 8 
Nati oe: le lels : 
e815/8/3 3 f/2/5 i 
Huu AHA gles : ae ae 
= 2 SEE: && 2|/5|5 zSoc5 
® SOrPeisa 
Z iodn-e 
Y = 
@ $ 
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G. Intermal I/O Registers 


Internal I/O register address ranges from O0000H to OOFFH. IOA7 and IOA6 can be 
defined by software. The following shows the addresses in the case of IOA7 and IOA6 
= 0. 


ASCI Control Register A Channel 0 
: CNTLAQ 


Transmit Enable 
Receive Enable 
Multi Processor Enable 


7 ba Data + 1 Stop 
7 bat Data + 2 Stop 
7 bit Data + Parity + 1 Stop 
7 bit Data + Parity + 2 Stop 
8 bit Data + 1 Stop 
8 bat Data + 2 Stop 
8 bit Data + Parity + 1 Stop 
8 bit Data + Parity + 2 Stop 


2. 
0 
10) 
0 
0 
1 
1 
1 
1 


. CTS : Depending on the condition of CTS terminal. 
PS_: Cleared to 0. 
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ASCI Control Register B Channel 1 oO 3 
: CNTLB1 
Clock Source and 
Speed Select 
Divide Ratio 
Parity Even or Odd 
Clear To Send/Prescale 
Multi Processor 
Multi Processor Bit Transmit 
PS=0 PS=1 
(divide ratio= 10) (divide ratio= 30) 
DR=0 (x 16)} DR=1 (<x 64)/ OR=0 (< 16)] DR=1 (x 64) 
ASCI Status Register Channel O 04 
: STATO 
Transmit Data 
Register Empty 
Data Camer Detect 
Receve interrupt Enable 
Framing Error 
Panty Ervor 
Over Run Error 
Receive Data Register Full 
* DCDe : Depending on the condition of DCDo terminal. 
ASCI Status Register Channel 1 0 5 é 
- STATI during RESET 


Transmit 
interrupt 
Enable 
Transmrt Data 
Register Empty 
CTS1 Enable 
Recerve interrupt Enable 


Receive Data Register Full 
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weczven [winowcs| wooess [RRS 
0 6 


ASCI Transmit Data Register Channel 
Oo 


: TORO 


ASCI Transmit Data Register Channel 
1 


: TOR! 


ASC! Receive Data Register Channel 
Oo 


: TSRO 


ASCI Receive Data Register Channel 
1 


: TSR1 


CSVO Contro! Register 


: CNTR 


during RESET | 


Receive Enable 
End interrupt Enable 


Baud Rate 


@+ 320 
+ 640 
+1280 

Extermal 

(the frequency < + 20 


Timer Data Register Channel OH 
: TMDROH 


Timer Reload Register Channel OL 


Timer interrupt Enable 1,0 
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Sa Coc 


Timer Data Register Channel 1L 
: TMORIL 


Timer Data Register Channel 1H 
> TMDR1H 


Timer Reload Register Channel 1L 
> RUDRIL 


Timer Reload Register Channel 1H 
: RLDRIH 


DMA Source Address Register 
Channel OL 
: SAROL 


DMA Source Address Register 
Channel OH 
: SAROH 


DMA Source Address Register 
Channel 08 
: SAROB 


DMA Destination Address Register 
Channel OH 
: DAROH 


DMA Destination Address Register 
Channel 08 
: DAROB 


DMA Byte Count Register Channel 
OL 
> BCROL 


DMA Byte Count Register Channel 
OH 
: BCROH 


DMA Memory Address Register 
Channet 1L 
> MARIL 


DMA Memory Address Register 
Channel 1H 
: MARIH 


DMA Memory Address Register 
Channel 18 
: MARIB 


DMA VO Address Register Channel 
Tt 
> ARIL 


DMA VO Address Register Channel 
1H 
: 1AR1H 


DMA Byte Count Register Channel 
4 
: BCRIL 


Bits O-2 are used for SAROB. 
Ais, Air, Ars 


“xx x xX 
--00 


Bits O-2 are used for DAROB 
Ais, Aiz, Ais 


x oO O 
x oO 1 
x 1 Oo 
x 1 1 


Bits 0-2 are used for MAR1B. 


ROR1 (ASCI1) 
Not Used 


o lextemal) 
TDRO (ASC10) 
TOR1 (ASCI1) 
Not Used 
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DMA Byte Count Register Channel 
1H 


: BCRIH 


DMA Status Register 
- DSTAT 
during RESET 


DMA interrupt Enable 1,0 
DMA Enable Bit Write Enable 1,0 
DMA Enable ch 1,0 
DMA Mode Register 


Cycle Steal Mode 
Burst Mode 
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REMARKS 


DMA/WAIT Control Register 
: DCNTL 


The number of 
wart states 


Address increment/Decrement 


MAR+ 1 IAR fixed 
MAR— 1 IAR fixed 
IAR fixed MAR+ 1 
IAR fixed 


KR Vector Register 


INT/TRAP Control Register 


Refresh Control Register 


Interval of Refresh Cycle 


10 State 
20 
40 
80 
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REGISTER MNEMONICS 


MMU Cornmon Base Register 
- CBR 


MMU Bank Base Register 


MMU Common/Bank Area Register 
CBAR 


VO Control Register 
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ADDRESS 


during RESET 


during RESET 
RAW 


during RESET 
RW 


é MMU Bank 


Area Register 


MMU Common 
Area Register 
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EUROPEAN SALES LOCATIONS 


FOR 


@ SEMICONDUCTORS AND INTEGRATED CIRCUITS 
@ DISPLAY TUBES AND OTHER TUBES 

@ LCD AND LCD MODULES 
@® BUBBLE MEMORIES 


HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
MUNCHEN, HEADQUARTER 
Hans-Pinsel-StraBe 10 A 

8013 Haar/b. Miinchen 

® (089) 46 14-0 

Telex: 5-22 593 hitc d 

Telefax: (089) 46 31 51 


HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
PARIS 

Bureau de Représentation en France 
95-101, Rue Charles-Michels 

F-93200 Saint Denis 

®@ 01-8 21 60 15 

Télex: 611 387 hitachi f 

Téléfax: 01 - 243 69 97 


NISSEI SANGYO GMBH 
MUNCHEN 

TriebstraBe 32 

8000 Miinchen 50 

@ (089) 14 90 30 

Telex: 5-29 963 nism d 
Telefax: (089) 149 30 10 


HITACHI ELECTRONIC 
COMPONENTS (UK) LTD. 
LONDON, HEADQUARTER 

Hitec House, 221-225 Station Road 
Harrow, Middlesex, HA1 2XL 

@ 01-8 611414 

Telex: 9 36 293 hitec g 

Telefax: 01-8 63 66 46 


HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
Sales Office for 

BeNeLux and North Germany 
NEUSS 

Breslauer StraBe 6 

4040 Neuss 1 

® (0 21 01) 15 00 27-29 

Telex: 8-518 039 hiec d 

Telefax: (0 21 01) 10 15 13 


HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
MILANO 

Via B. Davanzati, 27 

1- 20158 Milano 

® 02-376 30 24 

Telex: 323 377 hitec i 

Telefax: 02-68 37 30 


NISSEI SANGYO S.A.R.L. 
PARIS 

Tour Neptune, Cedex 20 
92086 Paris La Defense 

@ 0033-1-7206960 

Télex: 630 489 nisp f 

Télefax: (01) 0033-1-7 208033 


HITACHI ELECTRONIC 
COMPONENTS (UK) LTD. 
STOCKHOLM 

Box 1062 

16311 Spanga 
Hankadalsgatan 10 Kista 

®@ 08-751 0035 

Telex: 14 106 hitecst s 

Telefax: 08-7 51 50 73 


HITACHI ELECTRONIC 
COMPONENTS EUROPE GMBH 
STUTTGART 

FabrikstraBe 17 

7024 Filderstadt 4 

® (07 11) 77 20 11 

Teletex: 7 111 410 HITECS 

Telefax: (07 11) 7 77 51 16 


NISSEI SANGYO S.A.R.L. 
BARCELONA 

Gran Via Carlos III, 98 

Pianta 1 

Edificio Trade 

08028 Barcelona 

® 3-3 309 805 

Telex: 97 860 nisb e 

Telefax: (03) 3 390 995 


EUROPEAN MANUFACTURING LOCATION 


HITACHI SEMICONDUCTOR 
(EUROPE) GMBH 

LANDSHUT 

Jenaer StraBe 1 

8300 Landshut 

® (08 71) 68 40 

Telex: 5-8 288 hisee d 

Telefax: (08 71) 7 54 70 
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HITACHI-DISTRIBUTORS 


~ SEMICONDUCTOR DISTRIBUTORS 


HENSKES GMBH 
Badenstedter Str. 9 
3000 Hannover 91 

Tel. (05 11) 45 60 82 
Telex 923 509 henha d 


DITRONIC GMBH 
Julius-Hélder-Str. 42 
7000 Stuttgart 70 

Tel. (07 11) 72 00 11 31 
Telex 7 255 638 ditc d 


OMNITECH 

29 Rue Ledru Rollin 
92153 Suresnes Cedex 
Tel. (01) 7728 181 
Telex 613 890 omt f 


FANTON MILANO S.R.L. 
Via G. B. Bertini No. 34 

20154 Milano 

Tel. (02) 318 98 55 + 3 49 10 08 
Telex 315 842 fanton i 


FANTON ELECTRONIC 
SYSTEMS S.R.L. 

Via Savelli No. 1 

30500 Padova 

Tel. (049) 77 58 22 

Telex 430 192 fanton i 


FENNER ELEKTRONIK AG 
Route de Sauvemy 

1290 Versoix 

Tel. (022) 55 34 44 

Telex 289 559 fene ch 


ARCOBEL B.V. 
Griekenweg 25 
Postbus 344 

5340 AH OSS 

Tel. (041 20) 303 35 
Telex 37 489 arcob ni 
Telefax 30 635 


PLZ 
4+5 


MULLER WUPPERTAL 

HERBERT M. MULLER 
VERTRIEBSGESELLSCHAFT MBH 
Vereinstr. 17 

5600 Wuppertal 1 

Tel. (02 02) 42 60 16 

Telex 8 591 543 mueld 


DATA MODUL GMBH 
Landsberger Str. 320 
8000 Miinchen 21 

Tel. (089) 56 01 70 

Telex 5 213 118 damo d 


FRANELEC 

Z. |. «Les Glaises» 

6-8, Rue Ambroise-Croizat 
91120 Palaiseau 

Tel. (06) 920 20 02 

Telex 690 826 sonelro f 


FANTON TORINO S.R.L. 
Via Cimabue No. 5 

10137 Torino 

Tel. (011) 309 73 47 -49 
Telex 224 129 fanton i 


FANTON BOLOGNA S.R.L. 
Via Machiavelli, 16 

40069 Riale di Zola Predosa BO 
Tel. (051) 75 17 10 

Telex 216 613 fantob i 


ING. ERNST STEINER 
Hummelgasse 14 

A- 1130 Wien 

Tel. (02 22) 827 47 40 
Telex 135 026 esa 


PROMILECT (PTY.) LTD. 
P.O. Box 56310 

Pinegowrie 2123 

Tel. (011) 789-14 00 

Telex 420 452 sa 


OPTO SPECIALIZED DISTRIBUTORS 


ROFIN-SINAR LASER GMBH 


Postfach 74 03 60 
Billbrookdeich 186 
2000 Hamburg 74 
Tel. (040) 733 40 10 
Telex 214 511 sinard 


GMP S.A. 

Electro Optic-Laser 
Case Postale 

Avenue du Temple 19 
1010 Lausanne 10 

Tel. (021) 33 33 28 
Telex 24 423 gmpsa ch 


OPTILAS 

Z.1. La Petite Montagne 
C.E. No. 1422 

91019 Evry Cedex 

Tel. (06) 077 40 63 
Telex 600 019 optilas f 


MICROELIT 

Via P. Puccelio 8 
20148 Milano 

Tel. (02) 469 04 44 
Telex 334 284 bnite i 


LCD/LCM SPECIALIZED DISTRIBUTORS 


DATA MODUL GMBH 
Landsberger Str. 320 
8000 Miinchen 21 

Tel. (089) 56 01 70 

Telex 5 213 118 damo d 
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MSC 
MICROCOMPUTERS-SYSTEMS- 
COMPONENTS-Vertriebs GmbH 
Main Office: 

Industriestr. 16 

Postfach 1380 

7513 Stutensee 

Tel. (0 72 49) 7075 

Telex 17 724 911 msc d, 

Teletex 724911 MSC D 

Telefax (0721) 8 60 13 54 


Branch Office North: 


Tel. (0 61 21) 71 80 94 
Telex 4 186 665 


Branch Office Central: 
Wormsersir. 34 

Postfach 37 

6710 Frankenthal 

Tel. (0 62 33) 2 66 43 

Telex 465 230 tele d 


R.E.A. 

Radio Equipments Antares S.A. 
Boite Postale No 5 

9, Rue Emest-Cognacq 

92301 Levailois Perret Cedex 
Tel. (01) 758 11 11 
Telex 620 630 radi f 


FANTON ROMA 

Via Satrico 7 

00183 Roma 

Tel. (06) 759 76 69 
759 76 79 


FENNER ELEKTRONIK AG 
Rheinfeiderstr. 18 

4450 Sissach 

Tel. (061) 98 22 02 

Telex 966 017 fene ch 


J.P. LEMAIRE 
Limburg Strum 

1810 Wemmel 

Tel. (02) 460 05 60 
Telex 24 610 lemair b 


OPTILAS B.V. 
Groenestein 67 - 69 
2403 JM Alphen a/d Rijn 
Tel. (17) 203 12 34 
Telex 39 733 optis ni 


